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PROGRESS REPORT OF THE COMMITTEE ON METER 
RATES. 
BY THE COMMITTEE. 
[Presented September 14, 1906. 

The Committee on Meter Rates is gratified that the discussion 
upon its report* has been so general and so intelligent. The 
fact that its suggestions have been favorably criticised in some 
instances and unfavorably in others, shows that the conditions 
under which meters are installed vary to a great extent in differ- 
ent places, and the subject presents itself in different ways to 
different people. 

In replying to some of the suggestions and criticisms brought 
out by its report upon meter rates, the committee does it in no 
spirit of antagonism to the suggestions or plans proposed. It 
seems desirable that all points should be discussed, and the ad- 
vantages of any proposal, or the objections to its adoption, 
emphasized. 

Mr. Herschel in his discussion of the matter suggests, or seems 
to suggest, that the part of the annual cost of a system of water 
works which is due to the provision of large capacity standing 
teady for service should be met by a charge for fire service, and 
that the balance be met by a charge for water actually used. This 
is an excellent suggestion, and is only another way of doing what 
the committee suggests, namely, meeting fixed charges by an 
assessment, or appropriation, which is independent of the amount 
of water used. The committee agrees with him that this should 
*Presented September 13, 1905, and published in the JourNaL, September, 1905, p. 322. 
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be paid out of the tax levy, and it furthermore believes that an 
equitable proportion of the entire annual maintenance expenses 
to be raised in this way would approximate one half. Un- 
fortunately, however, the prevailing idea seems to be to keep this 
appropriation for the tax levy as small as possible, and, as the 
revenue from consumers increases, to eliminate it entirely, rather 
than to relieve the consumer by reducing the rates, as equity 
between consumer and. taxpayer certainly demands. As prac- 
tical men, we must advocate practical measures, and however 
desirable it is that there should be a more equitable arrangement 
between the consumer and taxpayer than now exists, the com- 
mittee feels that it is more feasible in the present state of things 
for the department to take what can be had from the tax levy, 
as proposed by it, applying it to the payment of fixed charges, 
and raise the balance for meeting those charges by an assessment 
of some kind, than to endeavor to convert municipal govern- 
ments to the idea of appropriating an adequate amount for fire 
protection. The taxpayer probably has greater influence with 
the city council than the consumer has. 

After the charges for “ standing ready’ are met, the water 
furnished can be paid for upon the basis of the actual quantity 
used, as both Mr. Herschel and the committee agree. The com- 
mittee, however, does not agree with Mr. Herschel “ that to 
attain simplicity is reason enough to reject the committee’s plan 
of front-foot assessment.” It does not consider the front-foot 
plan as a complicated method, but, on the contrary, as a simple 
one, and the difficulty of adoption is not on account of its com- 
plexity, but on account of its newness, or because it is different 
from any method now in use. Mr. Herschel regrets that the 
committee— in saying, “ If the first system (gravity system) has 
an ample supply, it costs no more (within certain limits) to fur- 
nish a large amount of water than a small one” —“ gives renewed 
currency to an exploded fallacy.’’ The statement of the committee 
is certainly a fact, and if, as Mr. Herschel says, it is an ‘‘ exploded 
fallacy,” it is, we presume, so much the worse for the fact. If 
the remainder of the committee’s remarks upon this subject are 
examined, it will be seen that it draws no unwarrantable conclu- 
sions from the above guarded statement. 
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In regard to the question of favoritism to manufacturers, 
which Mr. Herschel raises, that is the very thing that the propo- 
sition of the committee avoids, or at least seeks to avoid. A 
sliding scale may or may not be favoritism, but a plan to make 
all consumers, or property owners, pay their proportional part 
(however it may be ascertained) of the charges due to “ standing 
ready,” and then pay a uniform sum per unit for water actually 
used, is as far removed from favoritism as any plan can well be. 
It is not specially in the interest of manufacturers that the plan 
is proposed, but in the interest of the water department, which 
will surely be benefited by a method of supplying water equitably 
to large and small consumers. It is undoubtedly to the advan- 
tage of the community as a whole that both domestic and business 
consumers should have all the water of which they can make a 
legitimate and profitable use, as well as that all waste should be | 
stopped. 

The committee has referred in its report to the difficulties in 
the way of adjustment of the revenue attendant in many places 
upon a‘strictly metered rate without a minimum charge of some 
kind, a subject which Mr. Herschel altogether ignores, and one 
which must be considered. He lays great stress upon the equitable 
method of charging, and says that to him there is but one simple 
way, — “ to charge by the quantity used or wasted that is con- 
sumed on the premises.”’ Is it equitable that a house that occu- 
pies a large lot of land, with plumbing fixtures for a luxurious use 
of water, and occupied by asmall family, should pay a very small 
sum, simply because it uses little water, while the cost of the 
entire system is increased by the length and size of pipe and other 
elements of construction, necessary to “‘ stand ready ” to supply 
such a house? Is it not more equitable that a sum should be paid 
to meet the fixed charges on the construction, whether a large or 
small amount of water is used? On the other hand, if a house is 
on a small lot, and has but one faucet, why should not the sum 
for fixed charges be paid, and in addition a sum for a large amount 
of water (used only through one faucet and consequently at a 
slow rate and not requiring large street piping, etc.) at a rate 
representing the actual cost of collecting and delivering the water, 
exclusive of fixed charges? It may be said that this is a different 
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method from that used in selling gas and electricity. This is 
true, but it does not differ more than the conditions. Fixed 
charges do not constitute so important an item in the latter cases. 
The cost of the plant is not so large in proportion to the value 
of the product. Labor and material enter into the cost of gas 
and electricity. to a larger extent than into the cost of water, the 
actual cost of which is usually very small; the items of coal and 
salaries being almost the only items that vary with the amount of 
water used, assuming that the plant is of sufficient size. The size 
of the piping is dependent more upon the need of fire service than 
upon the consumption of water, especially in the smaller places. 

Electric and gas companies do, however, often make a minimum 
charge. This charge in some places is one dollar per month, 
which must be paid if no lamp is lighted. 

The committee feel that an insistence upon the principle that 
all charges for water must be strictly upon the amount used will 
do more to prevent the use of meters than any other one thing, 
and that a minimum, or a separate, rate to meet fixed charges 
is an absolute necessity of a meter system in most places. 

Mr. Hazen put the argument of the committee in a very 
effective form in the early part of his discussion. The Cleveland 
plan, as described by Mr. Bemis, is practically the same as the 
committee’s plan for a “ multiple minimum ” method, but worked 
out on a different basis than the Merrimac rates, which were given 
in the report as an example of the method in actual use, and 
which were designed about the time the Cleveland plan was 
adopted. The fact that the origins of these essentially similar 
plans were entirely independent suggests that there may be 
merit in this method for meeting certain prevailing conditions. 

The committee, after carefully considering the discussion, is 
still of the opinion that it is in most cases absolutely necessary 
to have a minimum in some form, or to have a rate composed of 
two elements; one of which represents the fixed charges of the 
system, or the fair cost of “‘ standing ready,” and which must be 
paid independently of the amount of water used; and the other, 
for the water used or wasted. 

It also feels that it is unessential upon what basis the rate for 
fixed charges is determined, so that it is independent of the 
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amount of water used, and approximately represents the com- 
parative benefit that is rendered to any particular piece of prop- 
erty. It may be, as suggested in the report, upon frontage, which 
seems a fair and available measure, or it may be upon the assessed - 
value of the property. 

The committee fully recognizes the unsatisfactory condition in 
which the fire service question stands in respect to the amount 
which shall be paid for it, and makes the following suggestion, 
which it believes could be adopted by either a municipality or 
private water company (except that. vacant land and unserved 
houses could not be assessed by the latter), and that it would be 
an equitable and feasible solution of the question of the charge 
for fire protection. ’ 

Make no charge to the city, or appropriation from the tax levy, 
for fire protection, but collect from all property upon the pipe 
line (with the above exception) a sum representing the fixed - 
charges of the system based upon the assessed value of the property 
as taken from the assessors’ books. This sum may amount to 
approximately one half of the total annual expenses of the water 
works, including interest and sinking fund. The remainder of 
the annual expenses will be collected for the use of water, and 
strictly in accordance with the amount used. The result of this 
will be that all property on the pipe lines will pay for fire protec- 
tion, as it should, and no property off the pipe lines will make 
any such payment. Vacant land and houses not taking water 
will pay in proportion to their value, as they should, for the benefit 
received on account of the existence of the line and the consequent 
enhanced value. It is probable that this class of property must 
be omitted from the assessment in the case of water com- 
panies. 

This plan will provide that the cost of fire service be paid by 
property that is benefited; that the water shall be paid for in 
proportion to the quantity used; will allow, if desirable, that the 
unit price of water shall be uniform to large and small users; that 
an intelligent estimate of the relation of revenue to expense can 
be made, and that there will be no serious excess or deficit under 
_ the existing rates, and without making any increase in general 
taxation for city purposes. It will be practically the assessment 
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method of the committee’s report, except that it substitutes 
assessed values for frontage and eliminates the question of raising 
funds for fire purposes by the ordinary tax levy; it provides that 
- property shall pay for the benefit it receives, and that consumers 
shall pay the cost of what they receive. It recognizes the fact that 
property owners and water consumers are not identical, and may 
or may not be the same persons; and the committee suggests it 
as an alternative method with some advantages that the frontage 
plan does not have. This method also meets a frequent and valid 
objection that is raised by that part of the population of towns 
outside of the district actually served by the water supply, namely, 
against being taxed for improvements in which they do not share. 
It would obviate the necessity of forming a fire district inside of 
the town itself, which has been done in so many instances in order 
to avoid the opposition of outside taxpayers to the installation of 
needed water supply systems. 

As an example of the working of such a system, suppcse a 
house with modern plumbing, paying under fixture rates $20 per 
annum, has an assessed valuation of $5 000 for house and lot. 
Assume that a general change to meter rates is contemplated, as 
a check to waste of water (the only real object of the use of meters), 
and that it is important that there shall be no reduction in the 
revenue received. Assume also that it is found, after investiga- 
tion, that in this place, one half of the annual expense, including 
interest and sinking fund charges, is due to the element of 
“‘ standing ready ” and for fire protection. Then $10 should be 
raised by a sum computed on the assessed value of the property. 
In this case the rate would be two tenths of one per cent.,-or $2 
on a thousand of the assessed valuation, which, of course, would 
be the rate for all of the property in this place. 

The remainder of the sum that this property should pay for 
water service, or $10 per year, would be raised by meter rates on 
the water actually used or wasted and at a rate approximately 
one half as great as rates that would meet the entire expense. 
The house in the above example, although having all of the ad- 
vantages of modern water service, might under the ordinary 
meter rates, with no minimum charge, by a prudent use of water, 
' pay not more than $7 or $8 per annum, which would reduce the 
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revenue of the works and not be a fair equivalent for the service 
it receives. 

A less valuable house would not pay so much for the “ standing 
ready ”’ element and fire protection, but would pay for all of the 
water that it used. 

In closing its report at this time, the committee wishes to repeat 
that it still considers its suggestions as suggestions only, but that 
the discussion and further study of the subject emphasizes its 
conviction that, in general, a method of meter rates, to be satis- 
factory, must include some charge for “ standing ready ” that is 
entirely independent of the amount of water used, whether the 
same is One minimum, several minimum charges, or an assessment 
in some form. 

The subject is still open; much must yet be learned by experi- 
ence. The committee hopes discussion will go on and further 
data be submitted by members of the association from time to . 
time, to the end that in so important a matter the present uncer- 
tainty in opinion and practice may give place to some definite 
principles of action. 

FREEMAN C. CorFIn, 

Frank E. MERRILL, 

C. M. 

H. V. Macksey, 

CuarLes F. 
Committee. 
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A HOMESPUN DEVICE FOR RAISING PIPEIN THE 
TRENCH. 


BY JOSEPH E. BEALS, SUPERINTENDENT OF WATER 
WORKS, MIDDLEBORO, MASS. 


[Read September, 14, 1906.] 


When making some suggestions as to the practical side of our 
work as an association, the question was asked if I would present 
a paper at this meeting. In an unguarded moment, I assented, 
and hastily gave as a subject that named in the program. I 
propose to enlarge upon that subject somewhat, and give some 
bits of experience in raising and in lowering pipe. 

In presenting this paper I shall make no pretension to literary 
merit, but propose to tell as plainly as I can how I accomplished 
some things on which I had no previous instruction and knew 
of no precedent to follow. 

In the course of events the authorities of the town decided to 
lower some four or five hundred feet of street which passed over a 
knoll. The new grade would leave our pipe dangerously near the 
surface, and we decided that it must be lowered. The problem for 
us was, how to do it and keep the supply of water on all the time. 
About all the instruction we could get was that the way to do it, 
was —to do it. Following the line of the pipe we dug out the old 
trench down to the pipe, digging it rather wide, and then dug-down 
beside and under the pipe to the depth at which we wished the 
pipe to lie, leaving bridges across the trench under the pipe just 
back of the bell ends, on which the pipe rested until we were ready 
to lower it. We then went back and forth along the trench 
lowering each bridge just a little, and, after a little coaxing, the 
ripe just lowered itself. For want of any better knowledge we have 
since lowered another section in the same way. 

At another time our town authorities had decreed that a 
certain section of street across a valley for a distance of some four 
hundred feet should be raised. As this would put our pipe to an 
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undesirable depth we decided that the pipe should be raised. The 
problem with us was,— how to do it. And it is our solution 
of the problem that gives the title to this paper. Somebody had 
presented a paper before this association describing a method of 
raising pipe by means of a series of screws. As a set of screws 
sufficient to do the work would cost more than the pipe was worth, 
we considered that, while the plan was an elegant one from an 
engineer’s standpoint, it would be cheaper for us to throw the 
pipe away than to try that method. We then planned to do it by 
putting a derrick over the pipe and with a differential chain 
pulley raise it a little at each joint, going back and forth. This 
was too slow. The men did not feel as if they were accomplish- 
ing anything. We had some men in our gang who had worked 
in a railroad track gang and knew the power of a claw-bar. We 
borrowed such a bar and railroad tamping iron. We took two 
pieces of 4 x 6 timber some six or seven feet long, and placing them 
about two inches apart, nailed a piece of board across the timbers 
on the upper and under side at each end. We had a short-linked 
log or timber chain on the job, and dropping the chain down be- 
tween the timbers, we hooked it around the pipe and, bringing it 
up above the double skid and engaging the claw of the bar across 
one of the links and between two others, with a block of wood 
or timber across the skids for a fulcrum, we obtained a strong, 
powerful purchase, and as the long end of the bar went down the 
pipe came up with an ease that astonished us. Here, then, we 
had an apparatus that was easy to handle, quick to apply and 
powerful in its action. Four men made a full gang to raise the 
pipe,— one man in the trench to take along the chain and hook 
it around the pipe, two men to take along the skids and be ready 
with their shovels to fill under the pipe as raised, and one man with 
the claw-bar and block of wood for the fulerum. In this way 
we raised some three or four hundred feet of pipe, some of it as 
much as four feet, in a very short time. I should have said that 
the pipe raised and lowered was six inch. In both cases we had 
our calking tools ready, and if the joints showed signs of weeping 
or spurting a few strokes of the hammer would stop it, and when 
the pipe was raised or lowered to its position every joint was in- 
spected and driven up as needed before covering. 
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We were a little afraid that when the pipe was changed from 
a curved line to a straight line the joints would be inclined to 
buckle, and dug the trench rather wide so that if necessary the 
vertical curve could be changed to a lateral curve, but we found 
in each instance that the pipe settled into a first-rate straight line. 

There was one hydrant on the line of pipe raised. This we 
raised by placing our derrick over it and, with a chain pulley, 
raising it as we raised the pipe. We raised it about three feet, 
keeping it ready for service all the time. 

The pipe came up so easily and settled so finely into its new 
position, that we felt that we had found a simple method to doa 
difficult job and that the experience might be worth the telling. 
If the idea is new the credit for it is due to the man in the trench. 

If this paper shall draw out some one who has done the same 
thing or something better, or if it shall call out any questions, one 
of my objects in presenting it will be accomplished. 
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EXPERIENCES IN INTRODUCING COMPULSORY 
METERAGE, AND RESULTS OBTAINED BY METER- 
ING ALL SUPPLIES IN THE TOWN OF BROOKLINE, 
MASSACHUSETTS. 


BY F. F. FORBES, SUPERINTENDENT OF WATER WORKS, 
BROOKLINE, MASS. 
[Read September 14, 1906.] 

The title of this paper is somewhat misleading, for, as you all 
probably know, Brookline is a town, working under a town form 
of government, although it has a population of about twenty-five 
thousand to-day, and a valuation exceeding $93 000 000; con- 
sequently, all acts of the town must be made in open town meeting. 
in which every legal voter can take part, and the majority vote 
must prevail. 

I think that it reflects great credit on the intelligence and public 
spirit of the citizens, to vote as they did almost unanimously in 
favor of metering all supplies, both public and private, as recom- 
mended by a committee appointed by the town to look into and 
report on this matter. 

On December 28, 1904,— at the time the vote for a universal 
meter system was adopted,— about 2225 meters were in use, 
metering more than half of the supplies. At the end of July, 1905, 
every service not shut off, whether public or private, was supplied 
with a meter, and the numberof meters, including elevator coun- 
ters, had increased to 3 893. 

Very little opposition was made by the water takers to the 
installation of meters on their premises. As might be expected, 
some feared that the water rates would be much increased, and 
that they would lose the feeling of freedom in the use of water 
which they had formerly enjoyed. I think there was one case 
only, where the owner positively refused to have a meter set on the 
premises, and in fact the whole work went along more smoothly 
and with less opposition than was expected. 

The introduction of meters resulted in causing a great deal 
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of poor plumbing to be overhauled or torn out completely, and 
replaced by more modern and better fixtures. The results to the 
town have been most satisfactory. Considerably less water has 
been pumped and the revenue has not been decreased, although 
the books show about $2 000 less collected for the year ending 
February 1, 1906, than for the preceding year; but this difference 
is fully explained by the fact that meter rates are not due until 
the water has been used, whereas fixture rates were payable in 
advance. Brookline sends no bills until the water has been used. 

The town was so well pleased with the results of the universal 
meter system, that the price of metered water was reduced from 
fifteen cents per hundred cubic feet to twelve cents for the same 
amount, a reduction of twenty per cent. 

The table which follows shows the effect meters have had in 
controlling the consumption of water, and leakage through faulty 
fixtures. 


Amount of water passing from the 

ir for 24 hours calculated 

Consumption for ion a rate of flow between the 

Year. Popalation. Pires 7 manths. hours of 12 and 4 a.M. for month of 

August. 
Gallons. Gallons. 
1897 17 000 289 084 197 517 256 x 

1898 17 500 326 275 813 587 780 
1899 19 000 392 478 758 592 178 
1900 21 500 418 195 744 691 012 
1902 22 000 410 635 002 688 625 
1902 22 500 422 059 769 644 164 
1903 23 000 ' 457 636 465 724 334 
1904 23 500 507 438 066 858 831 
1905 24 000 513 564 018 617 535 
1906 24 500 425 864 505 562 992 


It will be seen from the above table that the average amount of 
water leaving the reservoir between 12 and 4 a.m., for the month 
of August, 1906, with a population of 25000, was less than 
the amount during August, 1898, with a population of 17 500. 
No leaks of any account have been found in any part of the dis- 
tribution, and this smaller waste is due to the better care which 
has been taken of the water fixtures, and the controlling of un- 
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necessary use; by unnecessary, I mean the water which was 
allowed to run in winter to prevent freezing, and in summer to 
cool milk and other articles of diet. 

The greatest trouble with excessive water bills occurred in 
tenement houses of the poorer class, where one meter often sup- 
plied four or more families. The tenants perhaps failed to 
promptly notify the landlord of leaks, or were themselves ignorant 
of any defects in the plumbing. It often happened that owners of 
property were non-residents, and consequently not easy to reach. 
The bills in some cases were several times the regular fixture 
charges. I am glad to say, however, that these large bills are grow- 
ing less in number. 

From a careful study on the part of the writer, it is very 
evident that the people of Brookline can use all the water that 
modern sanitary practice requires without stint, and not have 
bills in excess of the regular fixture charges, provided that 
the plumbing is kept in order and the water not allowed to run 
except for legitimate use. So far, no evidence has been found 
that the sewers and drains are not as clean as they were before 
the introduction of meters. 

Some of the details of setting meters are as follows: 

All the meters for drinking fountains are placed in boxes in the 
ground. 

A good deal of time was given to the study of the best way of 
metering the water-cart hydrants. It was not considered safe to 
place the meters on the water-cart hydrants, as street watering 
in Brookline is continued long after freezing weather sets in. The 
. plan adopted was to set a two-inch Gem meter, which is sure to 
drain, in a special cast-iron box, twenty inches in diameter and 
thirty inches deep, placed in the sidewalk near to the post. The 
meters can be easily read, and removed for test and repairs. 

A larger part of the house meters were set in cellars, and boxed 
where in danger of freezing. All meters are so set that they are 
easily interchangeable with any other make of the same size. 
The cost of setting meters varied in different houses, but, as a 
general thing, a man and helper set from eight to ten meters 
per day. 

A few words in relation to the maintenance and care of meters: 
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Our experience shows that it costs less to read and change meters 
than it did to inspect the water fixtures and see that the regula- 
tions governing the use of hose, etc., were properly observed. It 
is our custom to so plan our work that the reading can be done 
by our regular men. It has always been our policy to keep the 
meters in good repair so that they shal! measure the water ac- 
curately as.long as they are in service. We do not wait for a 
meter to break down or wear out. Once each year we look over 
the record of all meters carefully, and if there is any indication or 
even a suspicion that the meter is registering less than it should, 
it is taken out and tested, and repaired if necessary. When a 
§-inch meter has registered one hundred thousand cubic feet, it is 
removed and thoroughly repaired, even though it appears to be in 
good condition. 

We believe that it is better for a town or city to keep the meters 
in the highest state of accuracy for two reasons; first, the revenue 
will be larger, and, second, there will be less trouble in the collection 
of the bills. It is a fact, strange as it may seem, that the water 
taker will always consider the smallest bill received as the correct 
one, and consequently, if a bill becomes small owing to a failure 
of the meter to measure all the water passing through it, it will 
form the basis of comparison with the bills which follow and 
which justly charge for the quantity of water used, and no amount 
of explanation will quite convince the taker that he is not paying 
more than he should. 

The per capita rate of Brookline is large, pare to the great 
amount of water used on several large estates where compara- 
tively few people live, and by the town in its various public 
buildings, and for watering streets. The per cent. of metered 
water used by the town for the last six months of 1905 amounted 
_ to 20.7 per cent., or fifteen gallons per capita for a population of 
25000. During the above period of time the meters accounted 
for all except 14 per cent. of the water pumped. 

Tables which are annexed were taken from the report of the 
Water Board for the year ending January 31, 1906, and show in 
detail the amount of water pumped and consumed in connection 
with the public and private service for the six months from June 
15 to December 15, 1905: 
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SumMARY oF WATER REcORDED BY METER FROM JUNE 15, 1905, To DEcEM- 


BER 1, 1905, AND WATER PUMPED DURING THE SAME TIME. 


Total number of gallons of water recorded by meters 


Total number of gallons of water recorded by meters 
in public buildings and in public places . . . . . 59 945 250 


Water used for flushing sewers, mains and hydrants; 
used at fires, by steam rollers, for puddling trenches 
of the sewer department, water department, Tele- 


phone Company, and flooding playground ..... . 5 062 500 
Total water pumped during thistime ......... 363 666 737 
Water motaccountedfor ..........:.. . 51 048 085 


Per cent. of metered water used by the town. ...... . 
Per cent. of metered water used by private consumers. ....... 


DETAIL OF WATER USED BY THE TOWN. 


Gallons. 

Miscellaneous public buildings ........... 1 011 000 
Fire Department building. ............ 604 500 
4 120 500 
Flushing sewers, mains, hydrants, fires, steam rollers, 

puddling trenches, and flooding playgrounds. . . . 5062500 
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WATER SUPPLY PROBLEMS ON THE ISTHMUS. 


BY CARLETON E. DAVIS, DEPARTMENT ENGINEER, BOARD OF WATER 
SUPPLY, CITY OF NEW YORK. 


[Read September 12, 1906.) 

Among the assets of the French Panama Canal Company which 
were turned over to the United States for the $40 000 000 purchase 
price of all rights and properties, were about 2 500 buildings of 
one kind or another. These were cfustered in camps along the 
entire line of the canal, from La Boca at the Pacific end to Cris- 
tobal at the Atlantic end. 

The French showed good judgment in locating these camps. 
High ground was selected if possible, where natural drainage was 
good, and where the refreshing winds that prevail through a large 
part of the vear would have free play. No finer location could 
be found than that of Ancon Hospital on the side of the hill over- 
looking the city and Bay of Panama; while Cristobal, with its 
avenues of palm-trees, and the surf from the Caribbean, has a 
wonderful charm. 

All the larger camps had more or less of a water supply. The 
more important houses had shower baths attached; the Ferdinand 
de Lesseps house at Bas Obispo had a swimming pool annexed; 
Ancon Hospital, and the Charles de Lesseps house at Cristobal, 
had bath tubs and water-closets. But all plumbing work was 
rather crude and clumsy according to our present ideas, and the 
general run of the houses were supplied with water from outside 
hydrants only. 

The amount of water furnished was small. In some cases 


a gravity supply from springs was obtained, but in general, water 


was pumped from the nearest. brook or river. 

These water works were installed in the larger camps; but 
every camp, great and small, and every building, whether house, 
storehouse, or shop, had tanks for collecting rain water from the 
roof, and every tank was a mosquito breeder. 
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PLATE I, 


TyYpPicaAL STREET IN PANAMA. 
SanTA ANA PLAZA, PANAMA. 
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Plans of the various camps existed and were turned over to the 
Canal Commission with the rest of the French property. The 
water works were shown on these plans with a fair degree of 
accuracy. 

Not much of the French property was of any permanent value. 
The machinery was obsolete. The buildings had been eaten up 
by ants and rot, and had to be practically rebuilt; and the water 
works could, at the best, be patched up for temporary use only. 

The French record of mortality at Panama is well known. The 
Americans have found the Isthmus a reasonably healthy place. 
This change is due to the advance in the knowledge of tropical 
medicine, and to the full control which the United States has 
obtained through its treaty with Panama. 

The French were handicapped. Even if they had had the 
knowledge of the causes and means of prevention of malaria and 
yellow fever which science possesses to-day, they would have 
lacked the power to enforce proper precautions. Their concession 
gave them no police authority, and even in the United States 
it appears that health regulations must sometimes he backed up 
by physical force in order to be effective. 

The treaty between the United States and Panama gives the 
former full sovereignty over the Canal Zone, a strip extending five 
miles each side of the canal, excepting the cities of Panama and 
_ Colon; and in these cities, while sovereignty is reserved, the 
United States is given control of quarantine and health matters. 
The treaty further provides that the United States shall install 
water and sewerage systems in Panama and Colon, and stipulates 
that water and sewer rates shall be collected sufficient for the 
amortization of their cost, principal and interest, in fifty years. 

Panama City, when the United States took over the canal, had 
from 15000 to 20000 inhabitants. The buildings varied from 
the rather imposing cathedrals down to little 8 x 10 shacks and 
palm-leaf huts. The streets were narrow, though fairly well 
laid out, on an approximately rectangular system. The principal 
streets were poorly paved with small, round cobbles. There was 
an electric-light plant, and a ten-ton ice plant, both of which were 
in operation at intervals. There had been an electric railroad 
and a gas works. There were a few drains, some of them very 
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old, but the city had never had a public water supply. The in- 
habitants depended entirely upon rain water collected in tanks 
and cisterns, and upon a few wells on the outskirts of the town. 
Water was sold from house to house at one cent gold per gallon. . At 
the height of the dry season, when cisterns and tanks were ex- 
hausted and the wells were low, considerable actual suffering for 
lack of water frequently occurred among the poorer classes. 

Colon, a city of 7 000 or 8 000 inhabitants, was formerly called 
Aspinwall, but its reputation for health was so bad that its name 
was changed. It was the Atlantic terminus of the Panama 
railroad, and except for this it had no particular reason for exist- 
ence. The island of Manzanillo, on which it was built, was only 
a foot or two above sea level, and at high tide all the back streets 
were more or less flooded. The general aspect of the place was 
anything but prepossessing, although some of the railroad build- 
ings on the water front were very attractive. 

The Panama railroad had at Colon a water supply of 60 000 
to 70 000 gallons per day capacity, collected from a small water- 
shed at Monkey Hill. This was sufficient, however, only for 
the needs of the railroad and steamships. The general population 
of the city depended upon rain water, as at Panama. 

The interest of the Canal Commission in the condition of these 
two cities of Panama and Colon was vital. The two chief diseases 
with which the French had to contend were yellow fever and 
malaria, both of which are transmitted chiefly, if not wholly, by 
the bite of infected mosquitoes. Eliminate these mosquitoes, 
and yellow fever and malaria will disappear. 

The stegomyia, or yellow fever mosquito, breeds diadipelly 
in clear water, and finds ideal conditions in tanks, cisterns, gutters, 
ete. The anopheles, or malarial mosquito, prefers swampy water. 

The city of Panama was feared as the yellow fever center and 
the point from which cases would spread along the Zone. Not 
many cases existed when the Americans first went there, for the 
reason that the population had become largely immune. There 
were enough non-immunes, however, coming in from-time to 
time, to keep up the succession of infected mosquitoes, and a case 
of yellow fever was imported every little while from Guayaquil or 
some other South American port. With the advent to the city 
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PLATE II. 


Fie. 2. PAtM AVENUE, CRISTOBAL. 
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of large numbers of non-immune Americans, canal employees and 
others, there was nothing to prevent a most serious outbreak of 
yellow fever, unless the mosquitoes could be suppressed. 

And eonditions in Panama were particularly favorable for the 
breeding of the stegomyia. With water at one cent a gallon, the 
Panamanian looked on the water man as his enemy and a rain 
stormasablessing. Naturally,every receptacle a family possessed 
would be filled with rain water at each storm. This water was 
carefully saved for use, meanwhile serving the mosquitoes’ wants 
admirably. Regular tanks and cisterns could be screened to a 
certain extent; but no inspection, however rigid, could stop this 
practice of a whole city, until there should be a public supply, 
making it easier to get fresh water for each domestic need than to 
store it. 

The same reasons, though perhaps in a less degree, made it, 
necessary to abolish all rain-water receptacles along the line of 
the canal and at Colon. Panama, from its large population and 
close commercial intercourse with South American ports, was 
looked upon as the most probable originator and distributor of 
yellow fever. But even if cases should occur there and get out 
along the line, the fever could not spread if the stegomyia had 
been destroyed. 

Water supplies, then, over the entire isthmus were very essen- 
tial from their indirect relation to the extermination of the stego- 
myia and yellow fever, in addition to the usual necessity existing 
for an uncontaminated supply for the thousands of canal em- 
ployees that would be required. In the tropics, moreover, liberal 
facilities for bathing should be looked upon as a good investment 
from a business standpoint alone. 

Water would be needed also for mechanical purposes as well 
as for domestic uses, for steam shovels, locomotives, and drills, and 
for fire protection. 

The necessity of these water supplies as an important feature 
of the general sanitary improvement of the isthmus was recog- 
nized from the outset by those in authority, and they were pro- 
vided for in the treaty with Panama as nentioned above. The 
Isthmian Canal Commission made them one of the matters of 
first consideration upon their taking over the work from the French. 
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The French company, pending the sale and transfer of their 
property, had not stopped work; though they had continued it 
with an organization and force only sufficient to prevent the 
lapsing of their concession. The transfer was made from the 
French to Major Black of the Army Engineers, representing the 
United States, and the old canal organization was carried on by 
Major Black until the chief engineer, Mr. Wallace, and the chief 
sanitary officer, Colonel Gorgas, reached the isthmus, the latter 
part of June, 1904. The engineers in charge of water works and 
sewers, under the direction of the writer, reached Panama three 
weeks later. 

The Isthmus of Panama, like all Central American countries, is 
of voleanic origin. At the line of the canal it is about fifty miles 
wide from ocean to ocean. Along the Atlantic coast there is a 
margin ten or fifteen miles wide not greatly above the sea level, 
but in general the country is hilly, the divide lying about ten 
miles from the Pacific coast, and reaching a height of six hundred 
or seven hundred feet. Large masses of basalt are found, in addi- 
tion to softer varieties of rock. Clay is the predominant earth. 

Rainfall varies from sixty inches on the Pacific coast to one hun- 
dred and thirty inches on the Atlantic coast, being about ninety 
inches at Culebra on the divide. The year is divided into wet and 
dry seasons. As a rule, the former begins in the month of May 
and continues till December, when the dry season sets in and lasts 
practically without rainfall for four or five months. 

Streams are numerous. As might be expected from the amount 
of rainfall and the nature of the country, they are often very turbid 
in the wet season. In the dry season they are clear and have only 
slight color. 

The water works for the city of Panama were taken up first and 
pushed in advance of any others. It was estimated that the city 
would have a future population of thirty thousand. There is no 
manufacturing in Panama now, and probably never will be. The 
character and habits of the population are such that a large con- 
sumption of water need not be expected. Two million gallons per 
day, or about sixty gallons per capita, was taken as the necessary 
amount to supply. 

Some years previous a franchise had been secured by a private 
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company for the introduction of water, but one of the periodical 
revolutions had stopped proceedings before construction had 
more than begun. This company had planned to take water from 
the Juan Diaz River, about fifteen miles east of the city, — an ex- 
cellent source. But the property holdings of the local owners of 
the old water company, and other practical reasons, prevented 
the serious consideration of this source for the new works. 

A ground water supply was considered, but the volcanic origin 
of the country was not favorable to underground water. Some 
investigations were made without results. Borings made for the 
canal work proper had not indicated the presence of a supply of 
water, except near Colon, where salt water was found. 

Final selection was made of the Rio Grande at a point about ten 
miles from the city, and a little to one side of the Culebra cut. 
The Panama railroad crossed over the river, at the point chosen, 
on a plate girder bridge. The dry weather flow of the stream 
would not be sufficient for the proposed supply, and a storage 
reservoir was necessary. 

The Rio Grande had many advantages as a source of supply. 
The elevation was sufficient to give a good head in the city. The 
railroad could be used to transport all material, and the pipe from 
the reservoir to the city could be laid along the track for nearly 
the entire distance. Branches could be led into the Culebra cut 
to supply steam shovels and locomotives, and the various canal 
camps of Paraiso, Pedro Miguel, Miraflores, Corozal, and La Boca, 
lying along the route, could also be furnished with water. 

At the point selected, the Rio Grande comes down through a 
narrow gorge of trap rock. A. small dam already existed here, 
having been built in 1889 by Buneau-Varilla, of the old French 
Canal Company, to supply water for dredging operations in Cule- 
bra cut. Buneau-Varilla’s proposition to excavate the entire 
canal by dredging is well known, from his recent advocacy of 
this scheme before the Board of Consulting Engineers. He has 
adhered tenaciously to his plan, though the collapse of the old 
canal company, soon after he had his dredging plant installed, 
prevented any practical test of the idea in the Culebra cut. 

The Buneau-Varilla dam created a reservoir of about 100 000- 
000 gallons. The drainage area tributary had never been sur- 
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veyed, but it was estimated at from 4 to 6 square miles. Partial 
run-off records had been kept by the French for a number of 
years, and they indicated ample flow to furnish 2 000 000 gallons 
per day with storage of about 400 000 000 gallons. 

The dam itself was of the stone arch type, and an excellent 
piece of construction. Its crest was at elevation 217 feet above 
mean sea level. The rails of the Panama railroad, which limited 
the height to which the dam could be easily raised, were at elev- 
ation 242. A hasty survey of the basin showed that at elevation 
237 the required net capacity of 400 000 000 gallons would be 
secured. 

‘The complete system proposed for Panama included the con- 
struction of this enlarged storage reservoir at Rio Grande; a 16- 
inch cast-iron supply pipe line, 10 miles long, from Rio Grande to 
a 1000000 gallon distribution reservoir at Ancon Hill; and a 
distribution pipe system throughout the city, the latter requir- 
ing about 10 miles of cast-iron pipe in sizes from 20 inches down 
to 6 inches. The total estimated cost was $440 000 gold, and 
the work has been done inside of this figure. 

There was some question as to what effect storage would have 
on water in the tropics. The small reservoir, already existing, 
had flooded its area without any cleaning or stripping, but in 
the fifteen or sixteen years that had elapsed, the influence of 
the rank tropical growth that was submerged seemed to have 
been entirely eliminated. Directly back of the dam was a mass 
of logs, branches, and vegetable matter, material brought down 
and accumulated there by the frequent floods. Decomposition 
was going on at this point, and water discharged at the lowest 
outlet in the dam smelled of hydrogen sulphide. The remainder 
of the reservoir was entirely free from anything objectionable; 
the water was clear and almost colorless and tasteless. Grass 
‘was growing in some places where the water was only five or six 
feet deep, but no objectionable growths appeared. 

Samples of the water were examined with such limited appli- 
ances as were on the isthmus at that time, and nothing deleterious 
discovered. Perhaps the most satisfactory information was the 
fact that the water was used regularly by some of the laborers in 
Culebra cut, and found both agreeable and wholesome. 
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PLATE III. 


Rio GRANDE DAM DURING CONSTRUCTION. 


Fie. 2. Rio GRANDE RESERVOIR, PANAMA WATER WORKS. 
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The sides of the proposed new basin were steep, giving very 
little area with less than 20 feet depth of water. The average 
depth of water would be about 40 feet. The watershed was 
practically uninhabited, and was controlled by the Commission. 

Investigations for the water works were hegun July 21, 1904, 
and the system as outlined was authorized by the Canal Commis- 
sion on August 9. Work on the reservoir was begun immediately 
thereafter, all work being executed by forces in the employ of 
the Commission. 

There were at this time about six hundred laborers, largely 
‘Jamaica negroes, working in the Culebra cut, a continuation of 
the old French organization. There were in addition perhaps five 
hundred or six hundred more laborers scattered over the isthmus, 
who were available for work. Some of these were new arrivals; 
a good many had been there since active French operations. 

Negroes are susceptible to malaria. At least 75 per cent. of 
those who had been for any length of time on the isthmus were 
full of it. And malaria is just as potent in taking the energy from 
a negro as from a white man, which accounts in part for the 
often spoken of inefficiency of the Jamaican. 

At the time the water works were being started, the Depart- 
ment of Health was being organized to get the hospitals into 
shape, to cut down vegetation, to ditch and drain, and to fumi- 
gate; the Building Department was getting ready to repair old 
houses and to build new ones; the Material and Supplies Depart- 
ment was sorting out old French stock, cleaning up storehouses, 
and preparing to store and deliver supplies; the Mechanical De- 
partment was putting the French shops in order and repairing 
some of the machinery; and at Colon docks were being built and 
yards and terminals cleared up ready to receive material. 

To constitute the forces of the various departments there were 
only these 1 000 or 1 200 Jamaicans. Each department needed more 
men; and vet more men were not wanted on the isthmus until there 
were places to house them, food and water for them, and a chance 
to care for them, if they should be sick.. Each department depended 
upon and needed the others, and yet in a sense they were rivals. 
It would have required transcendent genius to have distributed 
men and supplies equitably according to the various necessities. 
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As it was with the men, so it was with the material. Too much, 
coming in before the facilities for handling it were ready, would 
simply produce congestion, and Yankee ingenuity had a good 
opportunity to devise ways of getting work done with old French 
stock. 

The order for the cast-iron pipe and valves for the Panama 
water works was placed in the United States. The first shipment 
reached the isthmus in January, 1905, the last shipment in May 
following. 

In addition to the lack of men, good foremen were scarce. 
This perhaps was hardly more than was to be expected at that 
time, considering the reputation the place carried. In time, 
however, many good foremen did reach the isthmus. 

- Work on the Rio Grande reservoir was started under the direction 
of two of the engineering force, who were at first the only white 
men onthe ground. Black foremen were all that could be secured. 

The existing Buneau-Varilla reservoir was drawn down and 
thoroughly cleaned out. The additional area to be flowed by 
the enlarged basin, about sixty acres, was cleared and grubbed. 
All stumps and large roots were taken out, but no stripping of 
earth was done. Hardwood trees and logs were burned to char- 
coal for use later. The soil was a hard clay, apparently containing 
very little organic matter. 

The dam as left by the French had its crest at elevation 217, was 
40 feet high, 12 feet wide on the bottom, 4 feet wide on top, and 
was curved to a radius of about 180 feet. This dam was raised a 
little over 20 feet by extending vertically the top width of 4 feet. 
A substantial screen chamber in the center of the down stream 
side served to buttress this enlarged dam, and two smaller but- 
tresses were built on either side of the center. 

This extension work was of concrete mixed about 1:3:6, of 
Portland cement, seashell sand, and crushed trap rock. Old 
rails were bedded in the concrete. There were very few weeps 
through this work when the reservoir was filled. 

The route of the supply line from Rio Grande to the city fol- 
lowed the gorge of the river for about 3 500 feet on a level grade, 
before meeting the railroad; the latter, meanwhile, having had a 
down grade from the dam of about 70 feet to the mile. 
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PLATE IV. 


Fie. 1. RELAYING OLD 16-INCH GALVANIZED PIPE FOR 
PANAMA WATER WORKs. 


Fie. 2. Layine Suppry Pree LIne, PANAMA WATER WORKS. 


| 
| 
it 
4 
* { 
| 
| 
i} 
| 
ii 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Hi 
iq 
‘i | 


ive 


DAVIS. 261 


Along the bottom of this gorge Buneau-Varilla had laid a 
20-inch galvanized iron pipe to convey water from his dam to the 
Culebra cut. This line had been left unused since 1889, and was 
overgrown and hidden by tropical vegetation. The pipes were 
in 16-foot lengths, of }inch plates, single riveted, with flange 
joints. Barring some dents, which had not injured the galva- 
nizing, the pipes were in first-class condition and practically as good 
as new. All French material was always of good quality and 
workmanship. 

It would be necessary to protect with concrete any pipe laid 
in this gorge, as the latter will probably he filled with excavation 
from the Culebra cut. Under the conditions this galvanized pipe 
was considered suitable, and it was taken up and relaid as a part 
of the permanent line. Rubber gaskets were used for tke joints. 
Enough bends were found to get around all curves, with some little 
aid at certain of the joints where the gaskets were beveled. 

This galvanized pipe line was surrounded by 6 inches of Port- 
land cement concrete, mixed about 1:3:5. In actual use under ful 
head, it has proved very satisfactory. Two small leaks appeared 
when water was first turned on, but these have since taken up. 

From the end of this galvanized pipe to Ancon the supply 
line was laid alongside the track of the Panama railroad. The 
pipe was given a cover of about a foot. 

Jamaica negroes were used entirelv for laborers, pipe layers, and 
calkers. Some few of them had done similar work in Jamaica, 
but the majority had to be taught the entire business. The work, 
however, was very satisfactory. On the ten miles only three 
cracked pipes developed after the pressure was turned 
on, and very few joints had to be recalked. 

Along the railroad, transportation was, of course, simple. The 
pipes were unloaded from the cars at night, when no trains were 


run. 

In the city, the ordinary draught animal was a degenerate 
descendant of the Spanish horse, weighing about 700 pounds. 
The load these horses may carry is limited by city ordinance; not 
as a matter of humanity, however, but for purposes of municipal 
revenue. In hauling sand, the limit is about one third of a cubic 
yard. 
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The Department of Material and Supplies imported a number of 
mules from Chili and New Orleans. They did not stand the 
climate as well as the local horses, but were usually available for 
moving the heavier material, and served well for breaking the 
monopoly of the native teamsters. 

The sewer and water pipes throughout the city were laid in the 
same trench, the latter on a shelf to one side of and above the 
sewers. The water pipes were given a cover of about 18 inches. 

In general, the excavation was good and the trenches stood up 
well. Clay was the principal material encountered. Some soft 
rock and indurated clay was encountered that required blasting. 
The chief difficulty was the old underground drains. The streets 
were narrow and these drains could not be avoided. Moreover, 
nobody knew where they were. 

Some interesting historical structures were uncovered. An 
underground passage, supposed to lead from the crypt of the 
cathedral to the water front, was encountered. 

Many predictions were made as to the sickness that would 
break out in the city where the streets were dug up and the accu- 
mulations of centuries exposed. No unusual precautions were 
taken, except to sprinkle a liberal amount of chloride of lime when 
a particularly offensive drain was uncovered, and no bad results 
ensued as a consequence of the work. 

The distribution reservoir, mentioned above as a part of the 
Panama system, is on a peculiar little peak of clay at Ancon, on 


‘which there is not much more than room enough for the basin. 


The walls are of concrete backed up with earth. Water surface 
is at elevation 137. 

The location of this reservoir made it a rather difficult place 
to reach with material. A 20-inch gage railroad, with Decauville 
cars and locomotive, taken from old French stock, was laid from 
the Panama railroad to the foot of the hill; and a hoister, also 
from old French stock, operated cars on a similar track laid up 
the side of the hill. 

This Ancon reservoir was not essential to the opening of the 
works, as the pipe was by-passed around it. Its construction 
was delayed in favor of more important matters until the dry sea- 
son of 1905 came on; and during that season every drop of water 
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PLATE V. 


Fie. 1. ANCON RESERVOIR DURING CONSTRUCTION. 


Fie. 2. ANCON RESERVOIR. 
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in the vicinity was needed for Ancon Hospital, and none was 
available for concrete. 

The formal opening of the works took place July 4, 1905. The 
fire department of Panama celebrated the occasion, covering 
themselves with glory and the spectators with water. 

At the time of this opening, between three and four miles of 
distribution pipe had been completed. Connection with the 
water works and sewers is made obligatory throughout the city, 
but a reasonable time is allowed for installation of plumbing 
work. Meanwhile, arrangements have been made at the fire hy- 
drants in the streets so that people can get water for domestic use. 

As soon as a district in Panama was supplied in this manner, all 
rain water receptacles were rigidly prohibited, and wells and cis- 
terns were filled up. The worst yellow fever districts of the city 
were taken first in the order of pipe laying. The advance of 
this work has produced a marked decrease in the number of mos- 
quitoes, and has been concurrent with the practical elimination of 
yellow fever. 

For some months after the water from Rio Grande was intro- 
duced, examinations showed bacillus coli. For the past eight or 
nine months, since the withdrawal of the men working about the 
reservoir, these have not appeared, and very few of any other 
kind. The supply has been very satisfactory. 

In addition to supplying the city of Panama, the Rio Grande 
system furnishes water to La Boca, Ancon, Corozal, Miraflores, 
Pedro Miguel, Paraiso, and part of Culebra, all canal towns. As 
Panama must pay for the system, it is necessary to measure the 
water; and for this purpose Venturi meters for the main line 
and branches have heen provided. 


For the Colon water works, more time was available for prelim- 
inary investigations than at Panama. A gravity supply was not 
practicable. After numerous possible sources were investigated 
a choice was made of Brazos Brook, lying back of Monkey Hill. 
An excellent reservoir site was found on this brook at a point 
about three miles from Colon. Tributary to the reservoir is a 
drainage area of one square mile, without habitation. The reser- 
voir has an area of 120 acres, a capacity of 520 000 000 gallons, 
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and an average depth of 20 feet. The sides are steep, and there 
will be little shallow flowage. Twoearth dams, containing about 
100 000 cubic yards, are required in the construction of the reservoir. 

It is estimated that the- watershed will yield easily 1 000 000 
gallons per day. Should Colon outgrow this supply, an adjacent 
watershed of about equal area can be developed. The system 
has been designed with this in view. 

Good data were available for estimating the capacity of this 
watershed. Reliable rainfall records have been kept at Colon 
for thirty years. The minimum rainfall is 86 inches; the 
average, 125 inches; the maximum, 160 inches. 

There was also the small reservoir of the Panama railroad, 
already mentioned, which was built about 1870. This has a total 
drainage area of 24 acres, an area of 8 acres, a capacity of 20 000- 
000 gallons, and yields consistently 60 000 gallons per day, or at 
the rate of over 1 600 000 gallons per day per square mile. 
This Panama railroad reservoir had considerable shallow flowage 
and there was a population of about fifty on its watershed. But 
there was nothing disagreeable to the eye and taste about the 
water, though, of course, it was not fit for domestic use. 

The complete Colon system provides for the storage reservoir 
on Brazos Brook, with a water surface at elevation 45 above sea 
level; a 20-inch cast-iron supply pipe from this reservoir to a pump- 
ing station near the Panama railroad at Monkey Hill; a 20-inch 
cast-iron force main from the pumping station to a standpipe; 
and a distribution pipe system in sizes down to 6 inches. 

Like the Rio Grande reservoir, the Colon reservoir has been 
cleared and grubbed, but likewise no soil has been removed. 

The system has not yet been completed. . 


While the water-works of Colon and Panama were being investi- 
gated and built, the canal force all along the line was being in- 
creased. One after another the old French camps were oecupied, 
and new large hotels were erected at important points. Water 
was called for in each camp and the American canal worker 
demanded more water than did the French. 

Temporary arrangements were made by patching up the old 
French plants and running them until new outfits could be pro- 
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cured, or until the plans of the canal had been sufficiently deter- 
mined to permit of the camps being permanently located. Most of 
the machinery had been standing for years. In some cases water 
had been left in the cylinders, and the boilers had not been cleared 
out. Pumping stations, like everything else, were hidden away 
under a dense tropical growth. But nevertheless, almost every- 
thing worked, and nothing serious in the way of accidents occurred. 

As plans developed, permanent water supplies were authorized. 
These have all been designed with a view to furnishing fire pro- 
tection, for the average canal building, especially in the dry 
season, is a very bad fire risk. 

By the middle of 1905 water systems were under constriction 
at Emperador, where a gravity supply from a storage reservoir 
on the Comacho River will furnish 800000 to 1 000 000 gallons 
per day to Empire, Culebra, and Culebra cut; at Gorgona, where 
a pumping plant is taking water from the Carabili River for Gor- 
gona and the Bas Matachin shops; and at Bas Obispo, where 
another pumping plant is furnishing water from the Mandigo 
River for the camps in that vicinity. 

All the territory about these streams, above points of intake, 
is practically uninhabited. A considerable force of men, however, 
has been working about them during construction. Examination 
of water shows some coli, as at Rio Grande, though it is expected 
that they will clear themselves as did that supply after the laborers 
were withdrawn. 

It is generally known that during the past year there has been 
practically no yellow fever on the isthmus. The average force 
employed during this time has been 22000. In the entire force 
there have been in this period 40 deaths from dysentery and 
22 deaths from typhoid. 

The maximum force employed by the French was 17 000 men 
in 1887, and about the same number in 1884. In the former year 
they had 85 deaths from dysentery in Ancon Hospital alone, the 
only place where statistics were kept. In 1884 they had 70 
deaths from typhoid in Ancon alone. 

The canal force is hard to control, and even with pure water 
supplies throughout the isthmus, there will probably be cases of 
typhoid in the future. 
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THE CLEVELAND TYPHOID FEVER EPIDEMIC OF 
1903-1904. 
BY GEORGE C. WHIPPLE, CONSULTING ENGINEER, NEW YORK, N. Y. 
_ [Read September 14, 1906.] 

There is one problem in the sanitary conservation of water 
supplies which the members of the New England Water Works 
Association have been but rarely called upon to solve. It is that 
of a city using a lake as a source of water supply, and at the same 
time using it as a place for the disposal of the city’s sewage. To 
pump water from a lake into the water pipes of a city, to let it 
pass through houses and factories, through bath tubs and water- 
closets, through drains and through sewers back into the lake, 
and then to cause it to deposit its noxious accumulations at some 
place in the lake so that they shall not by any chance or mischance 
reach some other place from which the water supply is pumped 
— in short, to so operate the water supply and sewerage systems 
as to avoid a closed circuit —is a difficult problem from which 
you are fortunate to be spared. 

We are not altogether spared from it. The JourNnat of our 
association, Vol. X, 1896, p. 150, contains a description of the 
water supply of Burlington, Vt., where the danger of the closed 
circuit was convincingly demonstrated by our worthy President, 
Prof. William T. Sedgwick. Acting on his advice, the two 
poles of the sanitary system, the water, supply intake and the 
sewage outfall, were put so far apart that ‘“‘ sparking ” was for. 
a time impossible. But gradual growth of the city so increased 
the lake pollution that for several years past the sparks of typhoid 
fever have been crossing the gap and flying into the city. That 
these sparks have not given rise to a conflagration has been due 
more to geod luck than to adequate insulation. 

What has happened in Burlington has happened in almost every 
city which takes its water supply unfiltered from an adjacent lake. 
Witness Chicago, Cleveland, Buffalo, Toledo, Lorain and many 
other places that might be named. I have mentioned Burlington 
first, not because she has been more careless with her water supply 
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than all the rest, but because she is one of our home New England 
cities well known to this association, and because the question 
of purification is now being considered by her city government. 
If the lake-water is to be continued in use, something must be 
done to break the unfortunate closed circuit. The most rational, 
effective, and economical method now known for doing this is 
by the installation of a water-filtration plant. It is to be hoped 
that steps looking toward the betterment of the supply will be 
taken at an early date, and before a typhoid epidemic occurs, 
like that which recently overtook the city of Cleveland while the 
improvements in her water supply were in progress. This severe 
epidemic, one of the most important in recent years, has never 
been described in the technical journals; and it has been thought 
that an account of it might be appropriately added to the Tran- 
sactions of this association, already so replete with the lore of 
epidemiology and public sanitation. 

As the Cleveland epidemic was caused by a wholesale and long 
continued infection of the public water supply by the sewage of 
the city, a description of the-water works and sewerage system 
should naturally precede an account of the typhoid fever situation. 


THE BAY OF CLEVELAND AND THE WATER SUPPLY OF THE CITY. 


The city of Cleveland is situated on an indentation in the 
southern coast line of Lake Erie, about one third of the way from 
Toledo to Buffalo. The indentation, or bay, is about forty miles 
long, measuring from Avon Point to Fairport, and about seven 
miles wide. The city is situated at the deepest point of the 
indentation. The water within the bay is nowhere deeper than 
sixty feet and its average depth may be taken roughly as fifty feet. 
The bottom is chiefly fine sand and clay, but in some places there 
are deposits of mid and in a few spots the bottom is rocky. 

The Harbor. The Cuyahoga River flows into the lake through 
the heart of Cleveland, dividing the city into the East Side and 
the West Side. (See Map, Fig. 1.) At the mouth of the river the 
Government has constructed piers into the lake on either side about 
one quarter of a mile long. These help to provide a suitable chan- 
nelofentry. In front of the river mouth and about one quarter of 
a mile from the end of these piers there is a breakwater parallel to 
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the shore line, which incloses the harbor. The breakwater has an 
opening oppcsite the river. The breakwater west of the opening has 
awing which extends obliquely across to the shore so as to almost 
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Fie. 1. Map or Crry AND HARBOR OF CLEVELAND, SHOWING LOCATION 
OF WATER-WoRKS INTAKES, AND THE OFFICIAL DUMPING GROUND. 


completely inclose the harbor on that side. There is a small 
opening in this westerly wing which allows boats to enter and 
provides circulation of the water in the harbor. The harbor is 
now open on the east side, but an extension of the east breakwater 
is being made. Inside this harbor and in the river, dredging is 
going on almost continuously during the open season, and the 
material which is dredged is carried out to the open lake and 
dumped into the water. 
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The Water Supply of Cleveland. The water supply of the city is 
derived entirely from the lake. The old intake of the water works, 
often referred to as the “ West Crib,” or Crib No. 4, is located 
about 1} miles from the shore and 1 mile west of the mouth of the 
river. (See Fiz.1.) Thecrib isa wooden structure which protects 
the intake and serves also as a lighthouse. Water is taken 
from a depth of 12 to 28 feet below the surface, and only 12 
feet fromthe bottom. Fromthe West Crib two tunnels extend 
to the Division Street pumping station on the west side of the 
city, one 5 feet and the other 7 feet in diameter. The former 
was built in 1874 and the latter in 1891. The normal capacity of 
the tunnels is said to be 120 000000 gallons perday. The 
pumping capacity at the Division Street station is 50 000 000 
gallons per day. For about twenty years, or until the spring 
of 1904, this system furnished the water supply of the city. 

In order to supply a greater quantity of water and at the same 
time to secure water of a better quality, new works were begun 
in 1890 and completed in 1904. The intake consists of a steel crib 
located about four miles from the shore and almost opposite the 
mouth of the Cuyahoga River. This crib is known as the ‘“‘ East 
Crib,” or Crib No. 3. Water is taken at a depth of 10 to 28 feet 
below the surface, and 22 feet from the bottom. The crib is also 
used as alighthouse. From it a 9-foot tunnel extends in a straight 
line to a pumping station located on the shore of the lake, at Kirt- 
land Street. Thistunnel hasa length of 26000 feet. Two tempo- 
rary cribs, known as Crib No. 1 and Crib No. 2, which were used 
during the construction of the tunnel, are still standing. They are 
located at distances of 11 600 and 18 800 feet, respectively, from 
the pumping station. The nominal capacity of the tunnel is 
said to be 175 000 000 gallons per day, based on a velocity of 
4 feet per second. The present pumping capacity at the Kirt- 
land Street pumping station is 90 000 000 gallons per day. 


LOCAL SOURCES OF POLLUTION. 


The chief local sources of pollution of the water of Lake Erie 
in the vicinity of Cleveland are: 

1. The city sewers which discharge into the river and along the 
water front. 
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2. The Cuyahoga River. 

3. The Rocky River. 

4. The shore wash and the stirring up of the bottom of the lake 
by the winds. 

5. The dumping of dredged material. 

6. The accidental pollution from steamboats. 

The Sewage of the City. All of the sewage of the city goes 
directly or indirectly into the lake. It has been estimated that 
the sewage of about 225 000 people runs into the Cuyahoga River 
and that the sewage of more than 200 000 people empties directly 
into the lake along the water front between Waverly Avenue 


-and Gordon Park. 


The Waverly Avenue sewer, which takes the sewage of about. 
22 600 people, discharges near the west entrance of the break- 
water. The sewers at Seneca, Ontario, and Erie streets also 
discharge near the east side of the harbor. The intercepting 
system of sewers which is now being constructed is intended to 
remove practically all of the sewage from the river and the water 
front and carry it to a point about nine miles east of the harbor, 
discharging it at a considerable distance from the shore. It will 
be many years before this system of intercepting sewers can be 
completed, and it has been suggested to establish a temporary 
outfall at Marquette Street to be used until the entire system shall 
be completed. By using this it would be possible to obtain 
partial relief to the river in a shorter time than by waiting for the 
completion of the whole system. It seems probable that even 
after the construction of the intercepting system of sewers the 
Cuyahoga River will still be a nuisance and that it will probably 
be necessary to adopt some plan thereafter for the amelioration of 
its conditions. 

Amount and Character of the Sewage. From what is known in 
general of the per capita constituents of sewage it has been calcu- 
lated that during each day there is discharged into Lake Erie at 
Cleveland at least 100 tons of solid matter, of which about 70 tons 
are mineral, and 30 tonsorganic. Ofthe mineral matter about 12 
tons represents common salt. About 34 tons of organic nitrogen are 
also discharged daily and about 3 tons of nitrogen as free ammo- 
nia. It has been further estimated that the number of bacteria 
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in the city sewage amounts to more than one hundred million billion 
daily, of which it is fair to assume-that nearly ten million billion 
are B. coli or allied species. These figures, of course, mean little 
except when taken in connection with dilution as described below. 
They serve merely to indicate the immense amount of polluting 
substances which enter the lake and which have to be taken into 
consideration in connection with the purity of the water supply. 

Except in the case of the Cuyahoga River, the quantity of water 
discharged through the sewers is not sufficient to create currents 

setting into the lake which preserve their identity for any con- 
siderable distance from the shore, and the dispersion of the sewage 
by the action of wind and wave begins near the shore line. The 
dispersion of the sewage is materially influenced by its tempera- 
ture as compared with that of the lake water. The presence or 
absence of an ice-sheet, the relative temperatures of the water and 
sewage, and the increased density of sewage due to its mineral 
constituents, are all matters which must enter into a complete 
discussion of the problem. 

Cuyahoga River. The Cuyahoga River has a drainage area of 
about 805 square miles. In its upper reaches it receives more 
or less pollution. The rural population on the watershed is 
estimated as about 32500, or about 40 per square mile; the 
village population (cities and towns of less than 4 000 population), 
10 000, or 12 per square mile; the urban population (cities of 
over 4 000 inhabitants), 55 000, or 69 per square mile; making a 
total of 121 per square mile. The principal city on the upper 
part of the river is Akron, which in 1900 had a population of 
42728. If it be assumed that the sewage of 228 000 of the popu- 
lation of Cleveland drains into the river, the population per square 
mile on the entire watershed above its mouth becomes 404, of 
which 352 represent urban population. 

The Cuyahoga River in the lower part of its course is tortuous 
and its flow is ordinarily sluggish. Its surface elevation changes 
according to the lake level, and the stream has been rightly termed 
aslack-water estuary. The amount of sewage discharged into the 
river is so great, its current is so slow, and its volume relatively so 
small that the water of the river is nearly always foul and ill-smell- 
ing. Besides sewage, the river receives the waters from several 
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small brooks, or runs, which are for the most part highly polluted. 
Immense quantities of manufacturing wastes are discharged into 
the river or into these runs. From the works of the Standard Oil 
Company very large quantities of crude oil and other waste prod- 
ucts are discharged. This oily matter spreads out over the sur- 
face of the water, giving it an offensive appearance and a bad odor, 
and, what is more important, forms a film which prevents, to a 
great extent, the absorption of oxygen by the water. As a result 
of the great amount of pollution which the river water receives 
and of this lack of oxygen, the stream is nothing more nor less 


. than an elongated septic tank. The suspended matter of the 


sewage and manufacturing wastes, together with the sediment 
brought down from the upper portions of the watershed, settles 
in the lower reaches of the river and forms a thick, black mud. 
This decomposes and in warm weather bubbles of gas may be 
seen rising through the water and breaking at the surface. 
When the river is in flood some of the mud is carried out into 
the lake, but it is only the severe freshets which scour the bot- 
tom of the river to an appreciable extent. In fact, deposits ac- 
cumulate so constantly that it is necessary to dredge the channel 
continuously in order to maintain a depth of water sufficient 
for navigation. It has been roughly estimated that the 
amount of sediment carried into the lake each year by the Cuya- 
hoga River is in the vicinity of 200 000 cubic yards. Most of this 
is transported during the spring freshets, when the discharge of 
the river occasionally amounts to 5000 or 10 000 cu. ft. per sec. 
The flood of January 22, 1904, which produced a daily discharge of 
nearly 25 000 cu. ft. persec., and which maintained a discharge of 
more than 10 000 cu. ft. per sec. for several days, caused such a 
scouring of the river bed that more than 200000 cubic yards 
of mud were carried into the lake in one week. 

The mud in the river and harbor of Cleveland is polluted. 
Ordinarily it contains from 1000000 to 5000000 bacteria per 
gram and shows the presence of B. coli in large numbers. It 
also contains in large numbers another organism similar in some 
respects to B. coli, and one which has been found to be quite widely 
distributed through the water of the lake in the vicinity of Cleve- 
land. The samples of mud invariably have an oily odor, 
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The pollution which the lake receives from the Cuyahoga River 
' has a more important bearing on the quality of the water supply 
of the city than the sewage discharged along the lake front, 
because of the greater volume of the river. There is good reason 
to believe that at times the river flows as a well-defined current 
out into the lake for a considerable distance from the shore, 
its waters gradually dispersing and becoming mixed with the 
water of the lake. The result is that when the conditions are 
such that this current is directed straight towards the intakes 
the dilution of the sewage is less, and the pollution of the water 
supply greater, than it would be if the sewage were discharged 
uniformly along the entire lake front. 

Rocky River. The Rocky River discharges into Lake Erie at a 
point about six miles west of the city. It has a drainage area of 
347 square miles,on which dwells a population of about 15 000 
people or 72 per square mile. The river receives only a small 
amount of direct sewage pollution. 

Mud Deposits and the Shore Wash. Through the constant 
discharge of sewage, manufacturing wastes, and other polluting 
substances into the lake for many years, the shores of the lake in 
front of Cleveland are unclean and the deposits along the shores 
are foul. When these deposits are stirred up through the action 
of the wind and waves, the suspended matter is carried out into 
the bay, only to be deposited again when the water becomes quiet. 
Thus for many years the mud at the bottom of the lake has been 
gradually becoming polluted for greater and greater distances 
from the shore. 

The streams along the shore have been discharging great quan- 
tities of silt and clay into the lake for many years, and while 
in many places near Cleveland the bottom of the lake is sandy or 
rocky, there are, according to the government charts, large areas 
covered with clay or mud. At certain seasons of the year, espe- 
cially during the spring and fall, when the temperature differen- 
tials between the surface and bottom are small, the action of the 
wind stirs up this clay and mud, and materially increases the 
turbidity of the water in this portion of the lake. 

The Dumping of Dredged Material. The material dredged from 
the river and harbor has, until recently, been dumped into the 
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lake between the first and second temporary cribs, on the line 
of the new tunnel. The boundaries of this dumping ground 
were Officially established by the United States Government a 
number of yearsago. The dumping ground was a rectangle formed 
by north, south, east, and west lines drawn through Crib No. 1 and 
Crib No. 2. All material dredged from the harbor was required 
to be dumped within this area, and a float to mark the spot was 
established by the United States engineers, about ten thousand 
feet southeast of the new intake. The amount of mud and clay 
dredged every year from the Cuyahoga River and the harbor of 
Cleveland is said to be about two hundred thousand cubic yards, 


-which is approximately the annual amount of material carried in 


suspension by the river during the year. 

The night soil of the city is taken in scows and is carried out 
into the lake eight or ten miles from the intake and dumped. The 
scows in their ordinary course pass within about half a mile of the 
new intake. 

The effect of the dumping of polluted material from the river and 
harbor upon the quality of the water in the city was occasionally 
evident in the analyses. On June 4 an inspection of the dump- 
ing ground was made and the operation of dumping witnessed._ It 
was found that the surface of the water in the vicinity of the float 
was covered with a thin film of oil which spread out over a wide 
area. This oil came from the mud. A sample of water was 
collected near the float immediately after the scow had dumped, 
and a series of samples was taken at intervals of about one quarter 
of a mile along the line in the direction in which the wind happened 
to be blowing, namely, towards the east. The water had an oily 
odor for more than a mile from the dumping ground. The 
number of bacteria decreased from the dumping ground towards 
the eastward, but the colon bacillus could be detected in all of the 
samples. Had the wind been blowing towards the intake, 7. ¢., 
from the southeast instead of from the west, the oily water would 
have been driven nearly to the intake of the water supply. Sam- 
ples of mud from the river and from the bottom of the lake taken 
on the same day showed marked variations in their bacterial 
contents. The mud dredged from the Cuyahoga River contained 
26 000 000 bacteria per gram of dry material, while the mud from 
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the bottom of the dumping ground contained 31 000 000. A second 
sample of mud a short distance from the float contained about 
20 000 000. A sample from the bottom of the lake at the east end 
of the dumping ground contained only 125 000, while a sample 
of sand from the bottom between Cribs No. 2 and No. 3 contained 
only 154 per gram. Moreover, the last two samples gave negative 
tests for B. coli, while the others gave positive tests. Prior to 
June 4 samples of water collected at the Kirtland Street pumping 
station had, in a few instances, distinct oily odors, and it had been 
observed that when such odors were present the samples some- 
times contained the colon bacillus in small numbers. On investi- 
gation it was found that these conditions existed when the wind 
had been blowing briskly from the southeast, and it seemed obvi- 
ous that the water at such times was influenced by the material 
deposited at the authorized dumping ground. 

On September 3 other samples were collected at the dumping 
ground immediately after dumping and several hours after that. 
Samples collected immediately after the scow had dumped showed 
a high turbidity and large numbers of bacteria near the surface, 
and also at the bottom, with fewer bacteria at the mid-depth. 
Three hours later the conditions at the surface had improved 
but the number of bacteria at the bottom remained high. The 
test for the colon bacillus corresponded with these results of 
turbidity. 

There has been no evidence as yet to show that the dumping of 
dredged material has caused an actual infection of the water 
supply, but evidently the deposition of polluted mud at the point 
mentioned was a menace to the sanitary quality of the water 
supply and hence to the health of the community. The matter 
was reported to the War Department through the United States 
Engineers, and as a result a new dumping ground was authorized. 
This was located about two miles from the shore, opposite Dean 
Street. It consisted of a rectangle 2 miles long and 1 mile 
wide, parallel with the shore. 

Accidental Pollution jrom Boats. The steamers plying between 
Cleveland and various other cities on the lake pass within a mile 
or so of the water-works intake, and some of the fishing boats 
and scows often pass much nearer. It is probable that the effect 
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. of accidental pollution from these boats would be extremely 


small, yet it is within the bounds of possibility. This accidental 
pollution is, of course, beyond the control of the city. 

Pollution at the Crib. The crib is used as a lighthouse, and this 
necessitates the constant presence of a keeper. At times, also, 
when repairs are being made, several men may be employed at the 
crib for a number of days. The disposal of fecal matter at the 
crib, therefore, becomes a matter of importance. To allow it 
to accumulate at the crib would create a nuisance, while to throw 
it from the crib into the lake would endanger the water supply. 
The present method consists in carrying the material in a row 


- boat and dumping it into the lake at a considerable distance from 


the crib. This cannot be done in winter and it is evident that a 
well-regulated system of disposal, with efficient disinfection, 
should be maintained. 

. Pollution by Leakage into the Tunnel. In some cases where a 
water supply has been drawn from a lake the water has become 
polluted by leakage into the tunnel or pipe-line. This matter 
has been given careful consideration, but from the data collected 
there is no reason to believe that such pollution of the water 
supply of Cleveland does or can take place. 


TYPHOID FEVER IN CLEVELAND. 


Past History. For many years the typhoid fever death-rate 
of Cleveland has been higher than it should be, and there is good 
reason to believe that this has been due largely to the character 
of the public water supply. Statistics furnished by the Depart- 
ment of Public Health show that the average typhoid death-rate 
for the 32 years from 1873 to 1904, inclusive, was 52 per 100 000, 
while it has varied in different years from 21 to 114. The following 
figures show the number of vears when the typhoid fever death- 
rate has been between certain figures: 
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Typhoid Fever Death-Rate Number of Years when 
this Death-Rate existed. 


Between 60 and 70 
Between 70 and 80 
Between 80 and 90 
Between.90 and 100 


Since 1880 there has been a general lowering of the rate, due 
probably to better general sanitation, to the abandonment of local 
wells, etc. Thus, during the ten years preceding the epidemic of 
1903 the average death-rate from typhoid fever was 37 per 100 000, 
which is much lower than the average for the entire period. This 
figure is only slightly above the average for the cities of the United 
States which have more than 30 000 inhabitants. 

The records of the United States Bureau of Labor show that for 
the six years from 1896 to 1901, inclusive, the average annual 


typhoid fever death-rate for the 19 000 000 people included in these 
cities has varied from 33 to 38 and has averaged about 35 per 
100 000. The fellowing are the average figures for the six years 
mentioned for these cities which had more than 100 000 inhabit- 
ants in 1900: 


TypHorp Fever DreatH-RATE ror Stx YEARS FOR THOSE CITIES 
Wuicu HAD More THAN 100000 INHABITANTS IN 1900. 
Name of City. 
Pittsburgh 
Alleghany 
Washington 
Louisville 
Philadelphia 
Cleveland 


New Haven 
Kansas City 
Los Angeles 


: 
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Name of City. 
Indianapolis 


St. Joseph 
Rochester— 


It will be seen that of the 38 cities which had more than 100 000 
inhabitants at the time of the last census, 32 had lower typhoid 
rates than Cleveland and only 5 had higher rates. 

As a general rule a continued typhoid ceath-rate above 20 is an 
indication that something is at fault with the public water supply, 
and the rate for Cleveland was above this for more than thirty ~ 
years. During 1903 the city was visited by a severe epidemic 
of typhoid fever which continued for many months and gave 
a yearly death-rate of 114 per 100 000, and again during the spring 
of 1904 another epidemic occurred which caused a death-rate 
for the year of 48 per 100000. Had this epidemic not been 
checked by the use of water from the new intake, it would prob- 
ably have exceeded in intensity the epidemic of any preceding 
year. Details of these epidemics are given below. 

The statistics do not point to a well-marked seasonal distri- 
bution of typhoid fever in Cleveland, although ordinarily the 
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disease has been most prevalent during the autumn, as is the case 
in most cities. During several years the maximum number of 
cases Occurred in the spring, while the epidemics of 1903 and 1904 
both started in the winter. This abnormal seasonal distribution, 
taken in connection with the general high typhoid fever death- 
rate of the city and the general distribution of the cases through- 
out the city, are all facts which point to the public water supply 
as being the cause of most of the typhoid. 

Comparison of the annual typhoid fever death-rates of Cleveland 
with those of other cities on Lake Erie fails to show any relation 
between them, and, as will be pointed out later, there is no reason 
to believe that any of the cities on the watershed of Lake Erie 
are in any way responsible for the typhoid fever in Cleveland, 
unless we except those which drain directly into the Cuyahoga 
River, and even in the case of Akron, the largest city on the 
Cuyahoga River watershed, no direct correspondence can be 
discerned from the statistics. The evidence seems conclusive 
that the greater part of the typhoid fever in Cleveland in the past 
has been due to infected sewage of the city which has reached 
the public water supply, and there is further reason to believe 
that that part of the sewage which enters the Cuyahoga River 
has been chiefly responsible for it. 

Typhoid Fever in 1902. During the year 1902 there was less 
typhoid fever in Cleveland than usual, the death-rate being only 
33 per 100 000 inhabitants, yet even during this year it is possible 
to detect some relation between the prevalence of typhoid fever and 
the probable pollution of the water supply. (See diagram, Fig. 2.) 

The old intake was so situated that when the wind was blowing 
from the south or southeast the water of the Cuyahoga River and 
the sewage of the city would be carried toward it (see map, 
Fig. 1), and if the wind was strong enough, and the flow of the 
river sufficient, evidence of the pollution was often shown by 
the oily odor of the water. Further evidence is furnished by 
the typhoid fever statistics. In looking over the records for the 
year 1902 all of the fluctuations in the typhoid fever cases cannot 
be explained, but it is noticeable that whenever the Cuyahoga 
River was in flood, and when at the same time the wind was 
blowing strongly from the south or southeast, thus producing a 
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fall in the lake level, an increase of typhoid fever occurred within 
about ten days or two weeks thereafter. It is noticeable also 
that floods in the river which occurred when the winds were 
blowing towards the shore instead of away from it, thus producing 
a rise in the lake level, were not followed by typhoid fever, and 
southeasterly gales not accompanied by a moderate flood in the 
river did not cause a material increase in the number of cases. It 


‘ appeared to be necessary to have the two conditions operating 


together in order to cause a pollution of the water at the old intake, 
sufficient to show a rise in the typhoid morbidity rate of the city. 
The fact should be noted, however, that a severe west wind 
sometimes causes the lake level to drop. The following may be 
taken as typical examples: 

There are no data for the discharge of the Cuyahoga River prior 
to March 12, 1902, hence no comparisons can be made before that 
date. During the early part of the year 1902, there were 3 days 
when the number of reported cases of typhoid showed a decided 
increase, namely, on January 10, January 16, and January 24. Itis 
worth notice that 8 days before January 10 there was a drop in the 
lake level due to a strong south and southeast wind; 11 days 
before the 16th, there was a similar lowering of the level from 
the same cause, and 9 days before the 24th there was also a lower- 
ing of the lake level. Yet on the 20th a severe southeast wind 
was not followed by typhoid fever, unless the slight increase on 
February 4, 15 days after, was due to it. 

In making these and other similar comparisons it must be 
remembered that the dates when the cases were reported are 
not always the dates when the patients were taken sick (although 
the two dates ought not to differ widely, and seldom do except 
in the hospital cases). 

On March 12, 1902, there was a severe southeasterly storm, the 
total wind movement for the day being 689 miles, and the 
velocity exceeding 30 miles an hour for nine hours. This 
was accompanied by a rainfall which produced a slight flood in 
the river. Eight days later there was a marked increase in the 
number of typhoid fever cases in the city, and the number would 
probably have been larger if the wind had not changed on the 
following day and blown strongly from the west. On May 5 
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there was a similar flood of the river, accompanied by a southeast 
wind, which was followed, after 8 days, by an increase of typhoid 
fever. On July 1,2, and 3 the river was again in flood, with 
the wind blowing strongly from the southeast, and after 8 or 10 
days there was an increase of typhoid fever. On September 28 
there was a moderate flood of the river and*a southeast wind 
which was followed by a slight increase of typhoid fever, and the 
same was true on August 20 and November 18. Between 
December 16. and December 23 the conditions of wind and 
stream flow were for several days so favorable to the pollution 


- of the water supply that they may be said to have given rise to 


the epidemic which occurred:in 1903, and which is described below. 
On the other hand a freshet, which occurred on April 9, 1902, 
raised the stream flow to 10 300 cubic feet per second, but at this 
time there was a strong northeast wind which apparently raised 
the lake level and protected the intake from pollution, as it was 
not followed by an increase of typhoid fever. This was also true 
of the floods which occurred on March 29, June 29, and July 
29. On June 15, the river was in flood, but at this time, 
although the wind was blowing from the southeast, the velocity 
was very low and no typhoid fever resulted. An increase of 
typhoid fever on August 17 occurred 9 days after a_ slight 
flood in the river when the wind was blowing from the west» 

Throughout the year there were many times when the wind 
blew strongly from the south or southeast, unaccompanied by a 
high river flow, but so far as can be learned from the statistics 
these occasions were not followed by typhoid. 

It is not to be presumed that all typhoid fever in the city can 
be traced to the drinking water, because milk, various foods, 
flies, etc., may spread infection. Yet in spite of this the evidence 
seems sufficient to show that even in a year when typhoid fever 
was not more than usually prevalent the connection between — 
pollution of the public water supply and the sudden outbreaks 
of diseases could be detected. 

Typhoid Fever in 1903. The typhoid fever epidemic in 1903 
may be said to have begun on January 6, when 9 new cases were 
reported. This was just 10 days after a heavy rainfall, which 
increased the discharge of the river and which was followed by 
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fresh southeasterly winds. For two or three weeks previous to 
this the river had maintained a discharge of more than 2000 
cu. ft. per sec. and the winds had been high, causing unusually 
great fluctuations of the lake level. ‘On January 4 the stream 
discharge increased to 4 600 cu. ft. per sec., and between January 7 
and January 15 the winds were again strong and the fluctuations 
of the lake level considerable. Thus, between January 8 and 9 
the lake level dropped 0.6 foot and between January 11 and 12 
0.9 foot. About ten or twelve days later new cases of typhoid 
fever became still more numerous, but after January 27 they 
became fewer. On January 27, 28, and 29, the flow of the 
Cuyahoga River increased to 8 400 cu. ft. per sec., and on the 30th, 
under the influence of a strong southwest wind, the total wind 
movement for the day being 923 miles, the lake level was lowered 
0.5 foot, the whole mass of water in the lake being driven east- 
ward. Ten days later the number of typhoid fever cases again 
increased 

On February 2, 3, and 4 there was a second freshet. The 
discharge of the river reached 8 300 cu. ft. per sec., and another 
strong west wind drove the water eastward and lowered the level 
of the lake 1.1 feet. Fifteen days after that there were 34 new 
cases of typhoid fever reported in one day. 

On February 8 there was another drop in the lake level which 
amounted to 1.7 feet, due to a westerly wind, and fifteen days after 
there were forty-three new cases reported in a single day. From 
this time on, through the spring and summer, large numbers of new 
cases were reported daily. As the sewage of the city became more 
and more infected with typhoid bacilli a smaller amount of pollu- 
tion of the water supply would give rise to greater numbers of 
typhoid fever cases. Under the existing conditions the epidemic 
Was in a sense self-sustaining, the typhoid germs making the 
circuit from one individual to another through sewer, lake, tunnel, 
and distribution pipes. 

It is impossible to explain all of the fluctuations in the typhoid 
morbidity during this period, but the data at hand indicate that 
the wind exerted the controlling influence on the typhoid fever 
in the city. This is illustrated by the following instances: From 
February 18 to February 23 the prevailing wind was from the 
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south, and on the 23d the southerly wind movement was 331 miles. 
This fact would explain the general trend of the typhoid curve 
_ during the early part of March, with its climax of 62 cases on 
March 5, eleven days after the high wind. The flood of Febru- 
ary 27 and 28, with its southeasterly wind movement of 616 
miles, probably caused the increase in the number of cases between 
March 10 and March 14, but the effect of this storm does not seem 
to have produced as many cases as would be naturally expected. 
This may have been due to the fact that the severity of the storm 
raised the general lake level in the west portion of the lake, so that 
the effect of the discharge of the river was less than it would have 
- been otherwise. The largest number of cases reported on any 
day of 1903, namely, 66, occurred on March 19, and was pre- 
ceded 12 days before by a southeasterly wind movement of 
398 miles, accompanied by a slight flood in the river. After this 
record-breaking day the morbidity fell to about twenty cases per 
day. An increase to forty-three cases on the 27th followed about 
8 days after another heavy southeasterly wind. On March 30, 
the wind was in the southeast, and 11 days later there was 
another rise in the typhoid curve. During March the general 
lake level rose rapidly and the river discharge steadily decreased. 
This tended to reduce the danger from pollution, and the typhoid 
morbidity would probably have been less had not the wind at 
times continued to blow strongly from the southeast. 

During the first three weeks of April there was a general down- 
ward trend of the typhoid curve; but the southeasterly storm of 
April 3, accompanied by a flood in the river, prevented the 
morbidity from falling as it probably otherwise would have done, 
while a second storm on the 11th caused the morbidity rate to rise 
again. Twelve days after this date 51 cases were reported 
in asingle day. After this there was a drop in the morbidity due 
to a two-weeks period of calm weather. 

Early in May the typhoid morbidity again increased and re- 
mained high, though gradually decreasing throughout the month, 
being kept up by constant south and southeast winas. By the 
first of June very few new cases were being reported, but 
they soon began to increase again, and on June 11, 52 new 
cases occurred in one day. This followed 12 or 14 days after 
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some rather violent fluctuations of the lake levels and 10 days 
after a heavy rain. On the 19th, 45 new cases were reported, 
13 days after another southeasterly storm. 

Throughout the summer of 1903 typhoid fever was constantly 
present in the city, and whenever the winds were favorable there 
was an increase in the morbidity rate. On July 30 there were 30 
new cases, 11 days after high southerly winds. On July 17 there 
were 28 casesin one day, 12 days after a heavy rain. Continued 
southerly winds during the first half of July were followed by 
a high morbidity rate during the last half. 

During the first two weeks of August there was a slight decrease 
in the morbidity, but from the 15th to the 20th there was an in- 
erease which followed about two weeks after a slight flood in the 
tiver. From then until the 9th of September the rate was fairly 
low. On August 27, however, there was a severe rain which 
caused the discharge of the Cuyahoga River to rise to 11 000 
cu. ft. per sec. The lake level at this time fluctuated consider- 
ably and 12 days later the daily number of. cases jumped first 
to 27 and then to 30 and 31. 

From this time on throughout the year the numbers of the new 
cases were comparatively small, but there were few days when no 
new cases were reported. September was a month of high 
southeast winds. The total southeasterly wind movement was 
2309 miles. This fact probably explains the constant presence 
of typhoid fever at that time. During October the southeasterly 
wind movement was lower and the amount of typhoid fever in 
the city was also less. On September 17 and 18 there was a 
heavy rain accompanied by a drop in the lake level, due to a 
strong west wind which drove the lake water towards the easterly 
end of the lake. About two weeks after this there was another 
rise in the typhoid curve. On October 4 there was another rain 
with a southeast wind, and after 11 days this was followed 
by a slight increase of typhoid fever. On October 7 and 8 
there was a severe southeasterly storm, which caused a slight 
flood in the river, but this apparently caused only a slight increase 
in the typhoid curve. z 

During November the typhoid morbidity rate was relatively 
low in spite of the fact that there were considerable fluctuations 
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in the lake level. Apparently the sewage of the city was becoming 
less infected than it had been. On November 11, however, the 
southeasterly wind movement was 462 miles, and 9 days later 
typhoid increased slightly. On November 16 and 17 there was 
another southerly storm which produced a slight flood in the river. 
This was the beginning of a new period of infection which extended 
over the two first weeks in December and reached climatical 
points on December 8 and December 12, both of which occurred 
about two weeks after sudden drops in the lake level. During 
the last two weeks of December typhoid fever was continually 
present in the city, but the amount was small. 

During the year 1903 there were 3 443 cases of typhcid fever 
reported and 472 deaths. The ratio of reported cases to deaths 
was 7.3 to 1. Under ordinary conditions this ratio is as high as_ 
10 or 12 to 1, and at times as high as 15 to 1. That is, ordinarily, 
there are 10 or 15 cases for every death. Many of the cases in 
the citv were, of course, mild, and were never reported to the 
Health Department. Assuming the ratio of cases to deaths to 
be 12 to 1 we find there must have been in Cleveland during the 
year 1903 as many as 5 650 cases of typhoid fever. 

Typhoid Fever in 1904. At the beginning of the year 1904 
typhoid fever was prevalent in Cleveland, but the number of new 
cases reported daily was quite low, seldom exceeding five. On 
January 20, 21, and 22 there occurred a memorable flood. The 
rainfall for the three days was 2.57 inches, while the wind blew 
strongly from the southeast. Moreover, on the day preceding 
this storm the southeasterly wind movement was 515 miles. On 
the 21st the discharge of the Cuyahoga River rose to more than 
23 000 cu. ft. persec., and for more than a week it remained above 
5 000 cu. ft. per sec. The flood was so great that it washed out of 
the river bed immense quantitiesof mud. From datain possession 
of the United States engineers it seems probable that at this 
time more than 200 000 cubic yards of mud were carried down 
the river into the lake. This is more than the entire amount 
ordinarily discharged in a whole year. On January 31, just 
10 days after the flood, typhoid fever began to increase again and 
continued to increase until February 10, when 25 new cases were 
reported in one day. After that they decreased for several days. 
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On February 6 and 7 another southerly storm caused a second 
flood in the river. This was much less severe than the one pre- 
viously mentioned, but the discharge of the stream rose to more 
than 11 000 cu. ft. per sec. and remained higher than 3 000 cu. ft. 
per sec. for about a week. The sewage of the city had by this 
time become thoroughly infected with the baciili of typhoid 
fever, so that the effect of a flood on February 7 was to cause 
the number of cases to increase on February 17 to 47 per day. 
A week of calm weather followed this storm and the amount 
of typhoid fever in the city dropped off. On the 13th and 14th 
of February there occurred a very strong southeast wind, and 
10 days later the morbidity rate rose again. A southeast wind 
on February 21 caused another increase, which carried the 
number of cases to 57 on February 29. They remained high for 
several days and then decreased, because of the timely introduc- 
tion of water from the new crib, as described below. 

During the last few days of February another very severe 
southeast storm occurred. The discharge of the river rose to 
11 000 cu. ft. persec., and remained above 5 000 cu. ft. per sec. for 
more thana week. During this time, moreover, the lake level fluc- 
tuated considerably. The conditions were all favorable for a contin- 
uance of the epidemic, and the sewage at that time was probably 
more strongly infected with the bacilli of typhoid fever than at 
any other time during the preceding year. Had it not been, there- 
fore, for the introduction of water from the new crib there is every 
reason to believe that the epidemic would have assumed much 
more serious proportions than at any time during the pre- 
vious year, and before the effect of this climax could have passed 
the conditions again became favorable for further infection of 
the supply. On March 25 and 26 there was another south- 
easterly storm which carried the discharge of the Cuyahoga River 
to 11 000 cu. ft. per sec., and on the 31st of March there was another 
storm which caused the river to again rise to 11 000 cu. ft. per sec. 
Each of these storms would unquestionably have given the 
typhoid fever epidemic a new stimulus and would have produced 
appalling results. The month of April was comparatively free 
of southeasterly winds, and the results of this would probably 
have been to check the intensity of the epidemic. 
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Before the epidemic, however, could have been checked by 
natural causes the new water supply was gradually introduced, 
and with the introduction of the purer water the long typhoid 
fever epidemic, which really may be considered to have covered 
about sixteen months, drew to a close. 

During the sixteen months from January, 1903, until May, 
1904, there were 4578 cases of typhoid fever reported to the 
Health Department in Cleveland, and 611 deaths. If we assume 
the true ratio of cases to deaths as 12 to 1 we find that the actual 
number of cases in the city during that period was over 7 000. 
This was practically one case for every 60 inhabitants of the city. 
It would be a very conservative estimate to place the financial 
loss of the city due to this epidemic as upwards of $3 000 000. 

The introduction of water from the new intake took place as 
follows: The pumps at the Kirtland Street station were started 
on February 10, 1904, and the pumps at the Division Street station 
were finally shut down on April 7. Between these two dates 
water was drawn from both intakes. Between February 10 
and February 22 only a small amount of water was pumped at 
Kirtland Street, but between February 22 and March,1 about 
one half of the water was drawn from each crib. Between March 
1 and March 15 three quarters to five sixths of the water was 
pumped from the new crib and between March 15 and March 31, 
about three quarters. Since April 7 all of the water has been 
drawn from the new steel crib except for a short time on July 21, 
when, owing to the necessity of temporarily shutting down some 
of the pumps at Kirtland Street, it was necessary to pump a 
small amount of water (about one fifth of the supply of the city) 
from the Division Street station. 

A study of the Health Department statistics shows that the 
decrease in typhoid fever occurred in steps which corresponded 
with the progressive increase in the use of water from the new 
intake. It must be remembered that the period of incubation 
of typhoid fever is from ten days to two weeks or more, so that 
any change in the character of the public water supply would 
not make itself felt in the morbidity rate until after that interval 
of time. Bearing this in mind the following figures have been 
compiled from the records of the Board of Health to illustrate the 
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relation between the typhoid morbidity and the water supply 
of the city: 


Average Number of New 
Period. Cases of Typhoid Fever 
Reported Daily. 
January 1 to January 31, 1904: Period prior to 
the epidemic caused by flood 2.84 
February 1 to March 5: Period of epidemic corre- 
sponding to exclusive use of oldsupply ... . 20.91 
March 6 to March 15: Period of epidemic corre- 
sponding to use of one half of supply from new 
intake and one half from old intake 11 10 
March 16 to April 21: Period of epidemic corre- 
sponding to use of three quarters of supply from 
i 2.89 
April 22 to December 31: Period eerie to 
exclusive use of waterfromnewintake ... . 1.03 


The epidemic practically ceased about the end of April, as it 
seems probable that most of the cases which occurrea during May 
were of secondary origin, that is, they were taken from previous 
cases by more or less direct contact. During the summer of 1904 
there was less typhoid in the city than in 1902, which was a favor- 
able year, and much less than in previous years. 

At certain times, however, there were slight recurrences of 
the disease, a few cases suddenly appearing at one time, and the 
number then falling off, and often becoming zero. In comparing 
these occasional slight outbreaks with the wind and rainfall 
records, as was done for the epidemic period, it is noticeable that 
in some cases the outbreak occurred ten or twelve days after a 
disturbance of the lake level by a southerly wind or flood. The 
evidence is not sufficiently strong, however, to trace these cases 
to the water supply. The increased number of cases during the 
autumn may he easily accounted for by other causes, and some 
of them are known to have been imported. It seems possible 
that a few of the cases in August may have been due to the use 
of water from the old intake on July 21, but the evidence on the 
point is not strong. 

It must be rémembered, always, that t typhoid fever is trans- 
mitted by other vehicles than water, and that during the autumn, 
especially, typhoid fever is often present in cities which have 
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water supplies of undoubted purity. People returning from 
summer vacations often bring the disease with them, and in large 
cities this is always an important factor. 


INVESTIGATION AND RESULTS. 


The typhoid fever epidemic of 1903-1904 led to an extensive 
investigation of the quality of the water of Lake Erie in the 
vicinity of Cleveland to determine whether or not the water from 
the new intake could be considered as healthful and wholesome 
or whether it ought to be filtered. Filtration of the water from 
the old intake was also considered, as well as many matters 
’ bearing upon future policy in the development of the supply. 
These studies were made by the writer under the direction of 
Prof. Edward W. Bemis, the superintendent of water works, 
and extended from February, 1904, to July, 1905. During the 
summer of 1904 Mr. Langdon Pearse, and later, Mr. George E. 
Willcomb, assisted in the work as resident bacteriologists. 
Mr. George H. Benzenberg, C. E., also acted as consulting 
engineer. The local health authorities, the city engineer’s 
department, and the United States engineers contributed many 
valuable data, while the laboratory of the Health Department 
at the Northwestern University Medical College was placed at our 
disposal. A full report of this investigation is given in the annual 
report of the Cleveland Water Department for the year 1905. 

The report describes studies of the currents in Lake Erie, both 
general and local, and the effect of these in diverting the flow of 
the Cuyahoga River and the sewage of Cleveland toward or away 
from the water-works intakes. The influence of the wind and 
other factors is also carefully studied. Samples of lake water 
and the water in the city mains were analyzed daily for several 
months, while once each week during the summer special samples 
were taken from the lake at twenty-five stations located on four 
parallel lines extending outward from the shore and above and 
below the city. The farthest of these samples was ten miles 
distant from the shore. Float experiments were also made in 
connection with the study of currents. All these data are given 
in the report. 

- Time will not permit all of these investigations to be described, 
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but the results and recommendations, so far as they bear on the 
general problem, were as follows: 

1. The water of Lake Erie at the Old Crib at Cleveland, which 
was used until April, 1904, often showed by analysis strong 
evidences of pollution with fecal matter, especially at times when 
the Cuyahoga River was in flood, and when a southeast wind was 
blowing. It was a dangerous source of supply and it should never 
be used again unless filtered. 

2. The water of Lake Erie at the New Crib is almost unpolluted 
by the sewage of the city and may be considered at the present 
time as reasonably safe. from the sanitary standpoint. 

3. Occasionally, under certain unfavorable conditions, minute 
traces of pollution have been detected by analysis in the water at 
the New Crib and under extreme meteorological conditions, such 
as may occur at infrequent intervals, it is possible that a slight and 
transitory infection of the new supply may occur. The danger 
of this, however, is extremely small and need not be seriously 
considered at the present time. 

4. As the use of the water from the old intake was gradually 
abandoned and replaced by that of the new supply, the amount of 
typhoid fever in the city decreased by degrees which corresponded 
to increasing proportionate amounts of water pumped at the 
Kirtland Street pumping station; and since the water from. the 
New Crib has been exclusively used the typhoid fever death-rate 
in the city has been quite low. During the vear 1905, this rate 
was only 18.0 per 100 000, but it should be observed that the 
meteorological conditions tending to promote pollution of the 
water have been recently more favorable than during previous 
years. It is possible that more serious conditions may increase 
this rate very slightly. On the other hand, as the scattering 
foci of infection in the region around Cleveland become less 
numerous, the rate may drop still lower. 

5. After the completion of the intercepting sewer system, the 
danger of pollution of the water at the New Crib will gradually 
increase as the city grows, until eventually the quality of the water 
may be affected by it to an appreciable extent. Should the 
sewage be purified before it is discharged into the lake this would, 
of course, modify the situation; but to purify the sewage of the 
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city to such an extent as to remove the danger of infection to the 
lake water would be more difficult and much more costly than to 
filter the water. It is not likely that such a purification of the 
sewage will ever be undertaken. 

6. The lake water at Cleveland is not appreciably polluted by 
other than local sources, although there are faint indications of the 
influence of the sewage of Lorain and the Black River on the lake 
water a few miles west of the city. There is no general pollution 
of the Lake Erie water worthy of being noticed at present or 
likely to be important in the immediate future. Cleveland alone 
is responsible for the pollution of her water supply. 

7. The water of Lake Erie, near Cleveland, is at times objec- 
tionably turbid, not only at the Old Crib but at the New Crib, 
and even for several miles farther into the lake. This turbidity 
is due chiefly to clay and silt stirred up from the lake bottom by 
strong winds, but to some extent it is due to the suspended matter 
carried into the lake by the Cuyahoga River and other streams. 
It gives to the water in the city a cloudy appearance,-and at times 
causes some complaint. 

8. The water from the new intake does not at present need 
filtration from the sanitary standpoint, but before many years, 
when the lake water has become more polluted, filtration will 
be .imperatively necessary in order to protect the health of the 
city. Furthermore, the standard of quality of public water 
supplies in American cities is rapidly rising, and consumers are 
more and more demanding water which, besides being safe, is 
clear, colorless, an d attractive. 

9.-The water of Lake Erie at Cleveland is an easy one to purify, 
either by the method of slow sand filtration or by mechanical 
filtration. It is naturally devoid of color and its turbidity is 
seldom excessive. Filtration of this water would render it emi- 
nently satisfactory for all purposes, and, except that it is rather 
hard, it would be second in quality to none of the large supplies 
of the country. Even its hardness might be somewhat reduced 
by chemical treatment before filtration. Inasmuch as either 
system of filtration is applicable, the selection of the one to be 
used will be governed by questions of engineering and of cost 
rather than by comparisons of efficiency. 
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TABLE No. 1. 


POPULATION AND TYPHOID FEVER STATISTICS BY YEARS. 
CLEVELAND, OHIO. 


DEATHS FROM Ty- Per Cent. 
Number Rate per | Deaths were of 
of Deaths. 100 000. Total Deaths. 


8 


38 
30 
44 
99 
68 
65 
60 
34 
56 
52 


Bas Seek 


Noe 


* Government estimate. 
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Year. Estimated Total | 
Population. Deaths. | 
1873 113 025 2 641 68 60 ; 
1874 119 757 2 190 81 68 
1875 126 489 2 962 65 eS ; 
1876 133 221 ii 65 49 
1877 139 953 2 903 82 59 P 
1878 146 685 2710 55 | 3 
1879 153 417 3 
1880 160 146 3 : 
1881 170 267 3 
1882 180 388 3 : 
1883 190 509 3 : 
1884 200 630 3 = 
1885 | 210751 3 
1886 220 872 3 
1887 230 993 4 
1888 241 114 4 
1889 251 235 4 : 
1890 261 353 5 
1891 273 395 5 
1892 285 437 5 
1893 297 479 153 | 52 
* 1894 309 521 5 89 29 
1895 321 563 5 117 35 
1896 333 605 4 143 43 aa 
1897 345 647 5 79 23 
1898 357 689 5 121 34 ) 
1899 _369 731 5 - 118 32 
1900 381 765 6 205 54 5 : 
1901* 392 400 5 140 36 ) 
1902* 403 032 6 133 33 
1903* 414 950 6 472 114 
1904 426 992 6 204 48 : 
1905 439 034 6 78 18 
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294 CLEVELAND TYPHOID FEVER EPIDEMIC, 1903-1904. 
TABLE No. 2. 
NUMBER OF TYPHOID FEVER DEATHS IN 
CLEVELAND, 
Durine EAcH MONTH FROM JANUARY, 1890, TO JUNE, 1905. 

Year. | Jan.| Feb.| Mar.| Apr.| May | June| July| Aug.|Sept.| Oct. | Nov.| Dec. | Total 
1890 16 11 7| 24] 14] 21] 21] 21 10 | 10 | 180 
1891 17 | 11 | 12 7 9 3 9/15); 14} 20/ 18 7 | 137 
1892 7| 3112). &| 8 | 18: 20 | 22-21 | 12 | 34.167 
1893 3; 9/14) 14/17/15] 8] 23 | 15| 14] 11 | 10} 153 
1894 9 7 8 4 1 4 7| 14 4/12) 12 7 89 
1895 10; 11/11} 5] 9/17/17] 6] 4] 117 
1896 5} 15) 14} 10] 13 | 15} 16 6/11 9 | 143 
1897 5 2 7 9 6 3 7 | 12 4/10 9 5 79 
1898 6 8 3 5/| 10); 11 6 6 4} 21 9 | 22 121 
1899 11/ 8/15/10] 10} 10] 7} 10] 6} 118 
1900 7 | 14] 29 | 33] 22} 10] 12 | 27/ 14] 8 | 14] 205 
1901 15} 17} 10} 14] 11} 7} 9] 3}; 140 
1902 14/12/12] 16/13/12] 9/11] 8 | 133 
1903 32 | 23 | 55 | 66 51 | 39 | 54} 42 | 40 | 22 | 20 | 28 | 472 
1904 12 | 46 | 53 | 28 | 10 | 10 5 Stil} 32 7 5 | 204 
1905 61131 71° 8) 84:3) 84-7128 | 4) 78 
1906 1/ 8} 4] 8] 34] 6} — 

Average 

90-1904; 11 | 12 | 18} 16 | 14} 18 | 14] 17} 15/| 10} 10 | 164 
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TABLE No. 3. 


NuMBER OF REPORTED CASES OF TYPHOID FEVER IN 


CLEVELAND, OHIO, 
on Eacu Day OF THE YEAR. 1902. 


Sept.) Oct. | Nov. | Dec. 


Feb. | Mar. | Apr. | May |June | July | Aug. 


Month. | 


Day of 


Total number of cases, 491. 
Total number of deaths, 133. 


Ratio of reported cases to deaths, 3.7: 1. 


295 
H 
4 @ | stat ele 
11 18723) 01.8} @] el 3 
18 @ 161 OF @ | of 2 
81613 14/106) o] 0 
61.61 € 81.2 
4] 2 2 0 3 
Total | 77 | 27 | 56 | 15 | 60| 23 | 44 | 74 | 17/19 | 35 | 44 


TABLE No. 4. 


CLEVELAND TYPHOID FEVER EPIDEMIC, 1903-1904. 


NuMBER oF REPORTED CASES OF TYPHOID FEVER IN 
CLEVELAND, OHIO, 
on Eacu DAy OF THE YEAR 1903. 


Jan. | Feb. | Mar. | Apr. | May. 


.| July. | Aug. | Sept.| Oct. | Nov. |Dec. 


o 
nN 


1 0 3 7: | 6 2 
2 3 9 8 | 21 7 7 
3 3 7 | 16 
4 2 2 |} 32 | 15 9 8 
5 2 4 | 62 | 25 | 37 {| ll 
6 9 | 14 7 | 25 3 | 15 
7 0 1 | 14 9 | 31 | 12 
8 8 6 ll 
10 2 6 | 22 | 34 | 17 | 18 
ll 2 8 | 25 | 18 | 17 | 52 
12 8 9 |} 14 | 15 | 29 | 17 
13 3 | 26 | 15 | 17] 11 
14 10 3 | 27 | 19 | 26 | 10 
15 2 1° 146) 8 
16 3 | 19 | 15 | 16 
17 7 3 |} 15 1 | 15 3 
18 3 4 | 33 | 12 | 16 8 
19 17 | 34 | 66 | 12 | 21 | 45 
20 3 2 2 8 | 10 7 
21 ll 6 | 21 | 25 | 14 5 
22 3 4 | 19 4 | 24 6 
23 6 | 43 | 23 | 51 | 16 7 
24 17 | 11 | 22 4 4 4 
25 4 | 25 | 15 | 12 4 6 
26 16 21:33 
27 - 9 | 18 | 48 | 16 | 15 8 
28 4 | 18 | 23 6 | 12 9 
1 1 
7 1 

4 


11 | 10 
8 9 
30°'| 8 
15 5 
11 5 
10 0 
5 0 
13 3 
7 9 
12 8 
13 0 
6 7 
5 3 
5 2 
3 | 12 
10 | 17 
28 | «17 
9 6 
7 | 21 
3 0 
27 4 
6 4 
4 
14 6 
14 | 12 
15 2 
10 3 
+ 

8 


45 


59 


27 | 57 


57 


40 


35 


_ 


Total number of cases during year, 3 443. 
Total number of deaths during year, 472. 
Ratio of reported cases to deaths, 7.3 : 1. 
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| | | 
4 | | 
| | 
| 
| Til 
: | | 
| 
| 
| 
o Cases| 180 | 249 644 | 497 | 452 | MM) 342 | 209 | 216/ 103 | 54 133 
Total 
Deaths} 32 47 24 | 18 | 29 
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5. 


TABLE No. 


NuMBER OF REPORTED CASES OF TYPHOID FEVER IN 


CLEVELAND, OHIO, 
on Eacu Day oF THE YEAR 1904. 


17 


34 | 37 


50 


16 | 41 


16 


406 | 102 | 38 


Boll 
3 
a 


95 | 531 


of 


Da 
M 


Total 
Cases 


Total number of cases during year, 1 383. 
Total number of deaths during year, 204. 
Ratio of reported cases to deaths, 6.7: 1. 
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| 
1 o| 2 
3 2/16 1/ 0 
6 1 | 15 1 3 19 
7 16 | o 1/ 0 
9 4/2/13 |.1 2/1 
10 1:4 18 te} 4.11 0| 0 
18 6/1/60 0) 1 | 0} 
26 4 | 37 3 2 2/0/10 0 4/0 
29 4.1.0 7 | 3 |0 
7 4 1 9] 0}2 0 
= = = 
Total 
Deaths 12/ 46| 53] 28/10 | 10! 5| 5 11 12] 7] 5 
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TABLE No. 6. 
AVERAGE ANALYSIS OF LAKE ERIE WATER. 


CLEVELAND TYPHOID FEVER EPIDEMIC, 1903-1904. 


Feb. 17— Apr. 4, 1904. 


Feb. 17 — Oct. 1, 1904. 


Division St. 


P.S. 


Kirtland St. 


P.S. 


Division St. 
P.S. 


Kirtland St. 
P.S. 


Physical Examination. 
Turbidity (Silica scale) . 
Color (Platinum scale) . . 
Odor (Arbitrary scale) ~ 

Vegetable 


(Parts per Million.) 
Nitrogen as Albuminoid 
onia 
In solution, 


Nitrogen as free ammonia . 
Nitrogen as nitrites 
Nitrogen as nitrates 

Total solids 

Loss on ignition 

Fecal solids 


Test for B. Coli. 
(Per Cent. of Positive Tests.) 
0.1 ce. 
1.0 ec. 
10.0 ce. 


Microscopical Examination. 
‘Microscopic organisms 


cubic centimeter 
Amorphous matter 


30 
23 


13 
12 


1.5 
2 
0 


0. 
0. 


18 
13 


1.31 
0.13 


0.00 
0.05 (fishy) 


COM” om 


om 


4 

| 

24 

1.7 1.52 

Chemical Analysis. 

Hardness (total) .... 

Permanent hardness . . . 

Bacteriological Examina- 

tion. 

— Number per cubic centi- 

| 9 0 21 4 

— | 27 9 55 14 

— 59 27 85 44 

a 160 113 150 ‘117 

250 260 287 
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DISCUSSION. 


DISCUSSION. 


Mr. M. N. Baxer* (by letter). Every paper of the scope and 
character of this one may justly be regarded as an important 
contribution to the somewhat slow but successful campaign now 
being waged against impure water and typhoid fever. With the 
main conclusions of the author few, if any, will take issue. It 
remains to be seen whether the good effects which have followed 
the completion of the new intake will be more lasting than has 
been the case at Burlington, Vt. Undoubtedly the typhoid 
death-rate at Cleveland will soon rise again. If the rise be nota- 
ble, and that would not be surprising, the possible need of water 
filtration will be brought to the front. It will then be important 
to determine (as, of course, should always be known) to what 
extent other causes than the water supply are responsible for such 
typhoid fever as prevails. ; 

The paper gives no indication of the efficiency of the local 
health department as regards running down causes of typhoid, 
and the possible relation of the milk supply, polluted private wells, 
and privies and flies, thereto. This point is not raised to question 
the conclusions of the paper regarding the public water supply 
being the cause of the Cleveland epidemic of 1903-1904, nor the 
main cause of the long-continued high typhoid fever at Cleve- 
Jand. It is doubtless true, however, that other sanitary defects at 
Cleveland were responsible for a considerable amount of the 
typhoid prior to the completion of the new intake, and for the 
larger part of the typhoid since the introduction of the improved 
supply. It is. of great importance that these other defects be 
remedied, first in the interests of the public health, and second, 
that no injustice be done the water supply when the typhoid rate 
again rises. 

The ratio of cases to deaths indicates, as noted by the author 
of the paper, that only a small part of the cases were reported in 
1902, and by no means all of them in 1903 and 1904. We can 
never expect to see typhoid brought within reasonable bounds 
until all cases are promptly reported to the health department and 
just as promptly investigated by it. It is sad, but true, that in 


* Associate Editor, Engineering News, New York. 
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but relatively few cities are anything like all typhoid cases 
promptly reported, while in fewer yet are the reported cases 
properly investigated as to probable origin of the disease. Even 
where investigations are carried out along fairly satisfactory lines 
the facts secured are rarely used in the most effective possible way 
for the prevention of further typhoid due to the same general 
causes. This is not the place to go into’a discussion of the quali- 
ties needed in a sanitary or health inspector, but it may be said 
that the necessary qualities for efficient service are lacking in 
most of the inspectors now in office, and it must be added that 
relatively few of their superior officers are so trained that they 
could intelligently judge and act upon reports based on proper 
investigations of typhoid cases. This is unfortunate for the 
engineer and the water-works superintendent, since a failure to 
disclose the facts, or all the facts, bearing upon epidemic or endemic 
typhoid often throws unwarranted discredit upon public water 
supplies. 

Finally, is it too much to hope that some day, not too far dis- 
tant, morbidity and mortality statistics will be sufficiently accu- 
rate and complete, and investigations of typhoid cases sufficiently 
general and efficient, to divide the responsibility for typhoid 
between public water supplies and the other main contributing 
causes? 

Mr. Grorce C. WuippLe (by letter). Mr. Baker in his discus-° 
sion refers to typhoid fever due to other causes than water. This 
subject has been studied by the local health department of Cleve- 
land with a fair degree of thoroughness since the introduction of 
water from the new intake. This has resulted in bringing to light 
several sporadic outbreaks due to milk and other causes. These 
account in part for some of the larger figures showing the number 
of typhoid deaths by months during the last year and a half. 
While the epidemic was in progress, the writer was engaged by 
the health department to make a study of the vended well waters 
and spring waters of Cleveland. Samples of each were analyzed, 
and inspections made of the local supplies. The writer agrees 
with Mr. Baker that the investigation of typhoid fever from these 
miscellaneous causes is worthy of very careful study. 

Mr. Baker also refers to the laxity of physicians in reporting 


| 
| 
| 
} 
7 a 
| 
j 
} 
— 
— 
an 
\ 


DISCUSSION. 301 


cases of typhoid fever. This matter was taken up by the health 
department during the progress of our investigation, and the 
agitation of the subject resulted in a decided temporary improve- 
ment. It has been found, however, that since the excitement 
occasioned by the typhoid fever epidemic ceased, the physicians 
are falling back into their old lax habit of not reporting cases. 
Studies of statistics in many places have shown that this is nearly 
always the case, namely, that during the progress of an epidemic, 
physicians being on the alert, take pains to report their cases when 
they occur, while at ordinary times, when the cases are com- 
paratively few in number, they do not report them. 
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A DESCRIPTION OF THE CONCRETE STEEL-REIN- 
FORCED STANDPIPE AT ATTLEBOROUGH, MASS. 


BY GEORGE H. SNELL, SUPERINTENDENT OF WATER WORKS, 
_ATTLEBOROUGH, MASS. 
[Read September 18, 1906.] 

In presenting this paper it is necessary to state the situation 
and conditions in Attleborough at the time this standpipe was 
being contemplated. 

It was absolutely necessary that ‘some steps should be taken 
for better fire and domestic protection, as we had only one force 
main from the pumping station to the town, a distance of nearly 
four miles. In case anything should happen to this main it 
would be nearly as disastrous for domestic supply as for fire. 
Under existing conditions direct pumping was necessary at every 
alarm of fire. Our storage consisted of a wrought-iron standpipe 
30 feet in diameter and 125 feet high, with a total capacity of 
661 000 gallons, that being about the daily consumption. The 
top of this standpipe is at an elevation of 247 feet, about 142 
feet above the ground at the corner of County and Park streets, 
that being representative of our business section of the town. 
The iron standpipe was erected in 1890, and although the Attle- 
borough water is one of the best in the state for both domestic and 
manufacturing purposes, it contains carbon dioxide, so that it 
attacks unprotected wrought iron or steel, but has very little 
effect upon cast iron. These were the conditions of our storage 
system in 1904. 

On March 16, 1904, it was clearly presented to the commis- 
sioners when a fire occurred in the new Second Congregational 
Church, not then completed. The alarm was rung in at 5.40 
A.M.; direct pressure was immediately put on to the main, amount- 
ing to 125 pounds at the pumping station and 100 pounds at the 
center of the town, which was held for twenty-five minutes, when 
the pressure dropped to 40 pounds. Fortunately the fire was 
extinguished at about that time, but we realized that there must 
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be a serious break somewhere in the system, as the 3 000 000-gallon 
pump was unable to hold the standpipe pressure. We soon 
located the trouble, which was a split pipe in the force main, about 
one mile from the pumping station and three miles from the center 
of the town. Gates were immediately closed and our standpipe 
gave us a pressure of 54 pounds. The commissioners, realizing 
the seriousness of the accident, and what might have happened 
had not the fire been extinguished when the break occurred, began 
at once to make investigation as to a larger storage and an addi- 
tional foree main from the pumping station to the town. The 
commissioners were desirous of building a reservoir of some type 
to hold 3000000 gallons of water, if possible. We employed 
Messrs. Snow & Barbour, civil and hydraulic engineers, of 
Boston, to assist us. The investigation was under. the personal 
supervision of Mr. F. A. Barbour. 

Owing to the fact that Attleborough is very level, the highest 
point available in town, locally called Ide’s Hill, rises to an 
elevation of but 250, or 145 feet above the corner of County and 
Park streets, that being the center of the town. Fortunately, this 
hill is on a direct line and about half-way between the center of the 
town and the pumping station. It was evident that a reservoir 
was not possible if direct pressure was to be obtained. A stand- 
pipe was the only alternative; of what height and capacity 
remained to be considered. 

I will not go into details relating to the daily consumption and 
the number of hours that the pump should be run from an eco- 
nomical standpoint, but will try and explain, as briefly as possible, 
the reason for building a concrete steel-reinforced standpipe; 
I will say, however, that after a careful study of both steel and con- 
erete structures Mr. Barbour convinced the commissioners that a 
standpipe of either type holding 3 000 000 gallons could not be 
built with safety; that one 100 feet high and 50 feet in diameter, 
holding 1500000 gallons, would be as large as practicable 
to give the desired pressure. At this writing we know of no 
structure, of either steel or concrete, of this capacity. We there- 
fore decided that storage of this size would be the largest possible 
to obtain. With this size, if built in steel, it would be necessary 
to have the bottom plates 13 inches in thickness. I believe that 
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at the present time there are only one or two manufacturers in this 
country who roll sheets of this thickness. 

The experience gained with the former standpipe seemed to 
indicate that the life of such a structure may be safely estimated 
at no more than twenty years. The character of the water supply 
of Attleborough is such that it has more or less corrosive action on 
iron, which causes a large amount of rust to accumulate in the 
standpipe. We estimate that there are nearly two tons of rust 
taken out annually when the standpipe is cleaned; and besides, 
quite a quantity would necessarily find its way into the mains and 
services, thereby causing much annoyance in domestic use. 

For the last six years all service pipes from mains to cellars have 
been put in of cement-lined pipe, as we had a great amount of 
trouble with galvanized pipe, and we find there has been much 
improvement under these conditions. Thus the quality of our 
water naturally led to a consideration of other materials for 
storage rather than steel plates. 

As great progress has been made of late in the combination of 
concrete and steel, the metal being embedded in the masonry and 
employed to withstand the tensile stresses, we looked carefully 
and deeply into this method. At this time there had been built 
standpipes of this type at Fort Revere, in Boston Harbor, that 
being 20 feet in diameter and 40 feet high*; also one at Milford, 
Ohio, 15 feet in diameter and 85 feet high; both giving perfect 
satisfaction. Although neither of these is as large as that pro- 
posed for Attleborough, they were sufficient to indicate the pos- 
sibilities of this type of construction. 

We felt justified in asking for bids on a concrete-steel standpipe, 
also estimates on steel standpipes of same dimensions. The 
specifications for the concrete steel-reinforced standpipe allowed 
the bidders to present plans and specifications according to their 
own ideas of construction, each one specifying the amount of steel 
to be used, amount of concrete, and factor of safety, with com- 
plete plans and method of construction, confining himself to the 
general design of foundation, standpipe, and gatehouse; the 
structure was to be guaranteed by the builders for one year from 
date of acceptance by the commissioners. 

*Described in the Journax, Vol. 19, March, 1905, p. 33. 
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After a careful study of all plans submitted and methods of 
construction proposed, we considered that the Aberthaw Con- 
struction Company’s bid ($34 000) was the one to accept, if any, 
for the following reasons: Extra steel reinforcement, richness of 
concrete, method of construction, and complete plans submitted. 

We had an estimate on a steel standpipe of the same size for 
$37 135, making a difference of cost between that and bid ac- 
cepted, $3 135. 

The advantages of a concrete steel standpipe over a steel stand- 
pipe are: 

First. The cost would be $3 135 less. 

Second. No cost of maintenance. 

Third. There seems to he no limit to the life of such a structure; 
or, in other words, is as nearly indestructible as a structure could 
be made. 

The maintenance of a steel standpipe of that size and with our 
quality of water would be $400 per annum if kept coated on the 
inside and painted on the outside, and the probable life only 
twenty years. It would also be necessary to empty the tank 
annually to clean out the rust and do the painting, which would ~ 
probably take at least two weeks. During that time water 
would have to be supplied by direct pumping, which means con- 
tinuous expense of not less than one hundred dollars per annum. 
You can see, by this comparison, that there was much in favor of 
the concrete steel standpipe over the steel standpipe. It seemed 
to us, in our judgment, it was far better to accept the concrete 
proposition. 

On September 7, 1904, the contract was awarded to the Aber- 
thaw Construction Company, Boston, Mass., under the general 
specifications prepared by our engineer, which incorporated those 
of the contractors. 

It was early recognized that the greatest responsibility in con- 
struction would lie in obtaining watertight walls. The provision 
of sufficient steel to resist bursting is a relatively simple matter, 
although many details in joining, bending, and placing the steel 
required much forethought and labor. The concrete wall is 18 
inches thick at the bottom and 8 inches at the top. 

In the construction of the standpipe the conditions were care- 
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fully studied, analyses of the sand and stone were frequently 
made by sifting samples through a series of sieves, and the ma- 
terials were proportioned in accordance with the results obtained 
so as to reduce the voids to a minimum. 

The stone was crushed on the work and the concrete mixed by a 
machine mixer, and in general very good results were obtained 
both in consistency and uniformity. The foundation of the tank 
is concrete carried below frost line, a very good bottom of hard 
pan being found at the depth of seven feet. 

In making concrete, sand and crushed rock or clean screened 
gravel are mixed with the cement. The proportioning of these 
materials is not or should not be a makeshift process. Up to 
within a few years, it is true, they were mixed in a more or less 
arbitrary manner, but at the present time the scientific require- 
ments are better understood, and it has also been found that for 
the same money better results can be obtained by following this 
more exact knowledge recently acquired. The scheme of propor- 
tioning involves the filling of the voids in the stone with sand, and 
then slightly overfilling the voids in the sand with cement. The 
denser the mixture, the better the concrete. To illustrate more 
fully this method, if you take a barrel of apples you can turn a 

‘ considerable portion of a barrel of beans into the voids between 
the.apples, and to this mixture considerable rice could be added to 
fill the voids in the beans, and to this again considerable flour 
added to fill the voids in the rice. In the same way, in making 
concrete, an endeavor is made to get the stone in different sizes so 
that the smaller may fit into the spaces between the larger and thus 
reduce the voids to a minimum. 

_ After the placing of the foundation, the erection of the steel 
reinforcement for the first seven feet of the wall was begun. 
This reinforcement is equivalent to the hooping of a barrel or rail- 
road water tank, except that instead of being on the outside it is 
embedded -in the center of the concrete wall. It is necessarily 
heavier at the bottom or in proportion to the possible depth of 
water above. As is usual in engineering structures, the rein- 
forcement of the walls was made several times as strong as is 
theoretically necessary, or in other words, a factor of safety was 
used.. Three bars lapping 18 inches and held together by clips 
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PLATE I, 


Fie. 1. GATE CHAMBER AND STEEL REINFORCEMENT NEAR 
BASE OF STANDPIPE, 


RAMMING CONCRETE IN WALL OF STANDPIPF 
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were used to make the circle. Near the bottom these bars were 
placed in two rows, spaced about four inches on centers, horizon- 
tally, the spacing increasing with the height until a point was 
reached where only one row of bars became necessary. The bars 
were supported vertically by fifteen channel irons with the flanges 
drilled at proper intervals and small rods run through these holes 
to carry the horizontal bars. 

After erecting about seven feet of. steel reinforcement, the 
inside and outside forms for the concrete were placed in position. 
These forms were constructed of wood, seven feet high, and two 
sets were used, so that after the concrete hardened the lower set 
could be taken down and moved up above the other set. 

The circle of the tank was made by having twelve sections in 
each set, locking them together at the side by iron clamps. After 
getting the forms in position the concrete was raised by a derrick 
to the latforms carried on the interior tower, from which it was 
shoveled into the space between the inner and outer forms and 
thoroughly rammed and spaded. 

After the placing of the concrete another section of steel was 
erected, the lower set of forms loosened and moved up to a new 
position, and the wall carried up in this fashion to its full 
height. 

As soon as the first twenty feet was completed it was filled 
with water, and during the entire construction the tank was kept 
filled up to within about one foot of the inside forms. This was 
done to test the tightness of the concrete, also to keep it wet to 
prevent cracking. 

There were leaks developed after we had completed fifty feet. 
These gradually grew less as the sediment filled the small voids. 
When completed, with one hundred feet head of water, there 
were a number of leaks, but on the entire surface only three 
jets, these spurting out near the bottom, not larger than an ordi- 
nary pin.’ At this time there had been no attempt to put on a 
watertight coat of plaster on the inside, but it was just as the 
concrete was put in between the forms. The amount of leakage 
was practically nothing. - 

The tank is covered with a Gustavino tile dome and may be said 
to be a masonry structure throughout. 
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In many ways the building of the standpipe requifed the devis- 
ing of new methods of construction, and the work was conse- 
quently slow, the tank not being completed before cold weather 
set in. This made it impossible to apply the interior coat of 
plaster before spring. 

I wish you to understand at no time has there been a wetting 
through of this standpipe over more than from 1 to 2 per cent. of 
the entire surface. This convinces us that a structure of this 


type can be made absolutely tight. 


On December 27, 1905, we put the new standpipe into com- 
mission, and continued to use it until May 15,1906. The leaks 
during that time were very trifling, although during extreme cold 
weather we noticed a scaling off on the outer surface at certain 
points, beginning five feet fram the bottom of the tank and extend- 


ing to a point about fifteen feet from the bottom of the tank. 


This was apparently caused by pockets or cavities that must have 
existed on the outside of the steel, probably caused by the slight 
moving of the forms when the concrete was being placed. 

About May 15, 1906, the Aberthaw Construction Company 
began the plastering on the inside of the standpipe. The first 
coat had 2 per cent. lime to one part cement and one part sand; 
the other three coats were composed of one part sand and one part 
cement. This was floated until a hard, dense surface was pro- 
duced; then this surface scratched to receive the succeeding coat. 
This work was done by experts in that line. 

Prior to the plastering the entire inside of the standpipe was 
thoroughly cleaned and then picked. This was done to insure the 
bonding of the cement plaster to the surface. There were four 
coats of plaster put on, and we felt reasonably sure that it would 
be perfectly tight, as great care was used in applying the same. 
But upon filling the standpipe this did not give us the result we 
expected, as we had felt positive that we should have an abso- 
lutely watertight structure. 

At the time the inside work was being done the outside, where 
the cement had scaled off from the effects of frost, was repaired by 
digging around the outside row of steel reinforcement, putting 
on iron clips made of 3-inch by }-inch iron bolted through, and 
then cement was forced into the cavities around these clips by 
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throwing it a distance of four or five feet to insure the filling of the 
voids. This process was continued until the cement covered the 
entire outer surface so that further plastering could be perfectly 
bonded; on this surface was placed expanded metal, forced over 
the clips that stood out horizontally, and then a coat of plaster 
was carefully troweled over the surface of this metal, and then a 
coat of metal placed outside of that plastering, the ends of the 
clips being turned at right angles to hold the same in place. 
After this the final outside coat was applied, thus making a very 
firm and compact surface equal to any part of the structure. 

After noting the result of the interior plastering, we were satis- 
fied that some other method must be used to make the standpipe 
perfectly tight under one hundred feet head, at the same time 
realizing that in a warmer climate we should not hesitate to 
accept it as it was. 

Upon consulting with our engineer and contractor we decided 
to coat the inside with what is known as the ‘“ Sylvester process ” 
wash. I presume many of you are familiar with the same, but for 
the benefit of those who are not, I will give the formula used on 
this standpipe: 

Dissolve ?-pound Castile soap in 1 gallon of water. Dissolve 
1 pound pure alum in 8 gallons of water. Both must be thor- 
oughly dissolved. Before applying to the walls the surface must 
be perfectly clean and dry; temperature must be about 50° F. 
First, apply soap at boiling temperature with a flat brush, taking 
care not to form a froth. Wait twenty-four hours so that the 
solution will become dry and hard upon the walls, then apply the 
alum in the same way, at a temperature of 60 to 70° F. Wait 
twenty-four hours, and repeat with alternate coats of soap and 
alum. 

On the Croton work, four coats of each solution rendered the 
wall impervious. According to the report made by Mr. Dearborn, 
a pound of soap will cover about 37 square feet, and 1 pound of 
alum will cover about 95 square feet. Water may be admitted to 
the tank as soon as the last coat becomes hard and dry. 

This solution has been used with good success on a number of 
reservoirs, not exceeding a forty-foot head, making them abso- 
lutely tight. 
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In order to test this process we decided to try 35 feet of our 
standpipe from the bottom up. After applying four coats of the 
mixture we filled the standpipe full and at 100 feet head we 
found there were only four leaks in the 35 feet coated. On 
account of this success, we decided to apply four coats more 
to this same surface, that making eight coats from the bottom 
up to 35 feet, and above that distance, four coats; this is not 
yet completed, but will be within a few days. 

There has been no time since the beginning of the structure 
that the commissioners or engineer have believed that we made a 
mistake in adopting this type of structure, and we sincerely 


‘hope that others will be benefited by our experience. 


In closing I will say that I am thoroughly in favor of this type of 
structure. In constructing a receptacle for water, whether it be a 
jug or a reservoir, it is a natural desire to build it of stone or 
masonry. Somehow water tastes better, keeps cooler and 
cleaner, and the idea of holding water in a masonry structure 
seems altogether fitting. The aqueducts of Rome were of stone, 
and it was not until we came to handle water under pressure that 
metal came into use. 

I believe that Attleborough may congratulate itself on its 
water system, the quality and quantity of the source of supply; 
in the use of the meter system and the resulting low consumption; 
in the possession of new cast-iron mains and the small loss of 
water by leakage; and in the acquirement of a storage reservoir 
second to none in the world, making possible, in connection with 
the new pipe lines, a system of fire protection which should and 
must impress the insurance underwriters to our financial better- 
ment. 

DISCUSSION. 

Mr. Frank A. Barsour.* I regret that my engagements have 
prevented the preparation of an adequate discussion of the struc- 
ture under consideration this evening. However, as you have 
already listened to the interesting paper of Mr. Snell, and as Mr. 
Wason, of the Aberthaw Construction Company, is to follow me, 
it is probable that anything I might have said will be well covered. 

The use of reinforced concrete for the Attleborough tank was 


* Civil Engineer, Boston, Mass. 
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adopted because of the character of the water, which rapidly 
attacks steel; because of the large size of the tank desired; because 
of the greater artistic possibilities inherent in a concrete structure; 
and because of the lesser first cost and cost of maintenance over 
that of a steel tank. 

With the desire to limit the bidders to specialists in reinforced 
concrete work, and to permit each bidder to use his special type 
of reinforcement as appeared to him to be necessary and in the 
best way, bidders were required to submit detailed plans and - 
specifications of the system of reinforcement, the method of 
construction, and the waterproofing, and to guarantee the 
structure, in point of safety and watertightness, under penalty of a 
bond of $10 000, for the term of one year after date of acceptance. 

General plans, showing the outward appearance of the tank, 
the pipe connections and the gatehouse, and general specifica- 
tions, were prepared by the engineer. Section 4 of these speci- 
fications reads as follows: 


“ And the general intention of these specifications is to specify 
the size, outward appearance, and the quality of the material and 
method of its incorporation in the work in so far as the material 
may affect the life of the standpipe beyond the period for which 
the contractor is held responsible;— leaving to the contractor 
the detailed design and choice of type of steel reinforcement, 
and requiring him to guarantee the safety of the structure and the 
absence of leakage for the term of one year. 

“ Tt is the intention of the Water Board to consider proposals 
on the basis of cost and on the relative value of the bids as pre- 
sented from the standpoints of strength and probable absence 
of leakage as indicated by the specifications describing the pro- 
posed method of construction as submitted by the bidder.”’ 


The general specifications describe the quality of the cement 
which should be used, requiring a tensile strength of 185 pounds , 
in twenty-four hours, 600 pounds in seven days, and 175 pounds 
in 7 days when mixed one part cement, three parts sand, together 
with the further requirement that the cement mixed one part 
cement and three parts sand shall develop a strength in twenty- 
eight days 15 per cent. in excess of that shown in seven days. 
Fineness was to be such that not more than 5 per cent. would be 
retained on a sieve with 100 meshes per inch, and not more than 
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24 per cent. on a sieve with 200 meshes per inch. The standard 
tests for soundness included the cold test and also the accelerated 
test in boiling water for three hours. 

Five bids were received, the total price ranging from $33 679 
to $75 000. 

As a matter of interest showing various tests in regard to rein- 
forcement, mixture of concrete, and method of waterproofing, it 
may be worth while to briefly summarize the different propositions. 

The lowest bid involved the use of 14 by } inch T-bars as the 
horizontal reinforcement, with vertical bars 18 inches apart in 
the walls; no steel in the bottom; horizontal reinforcement with 
a working stress of 13000 pounds to 19000 pounds per inch; 
bottom to be constructed of concrete, sides of cement mortar, 
mixed one part cement and three parts sand; horizontal rods 
joined by soft wire but principal reliance on the bonding of the 
concrete. Inside plastered with one-half inch coat one part 
cement, one part sand, and one-half part lime paste. 

The bid of the Aberthaw Construction Company was based on 
the use of square, cold-twisted bars, from } inch to 1} inches in 
dimensions, the working stress varying from 13 500 pounds per 
square inch at the bottom to 8 000 pounds per square inch at the 
top; the horizontal bars being placed in three rows at the bottom, 
two rows half way up, and one row at the top; $-inch square bars 
being used vertically, 3 feet apart; grill work of steel in bottom 
for temperature strains; foundations to be constructed of one part 
cement, three parts sand, and six parts stone. The waterproof 
work was to be mixed one part cement, two parts sand, and four 
parts stone, or so as to give an excess of 10 per cent. cement over 
voids in sand. Inside surface was to be plastered with a special 
mixture of cement, sand, glue, and alum. 

Another bid was based on the use of Thatcher corrugated bars, 
+ inch to 1} inches in dimensions, this reinforcement being used 
with a working stress of 15 600 pounds per square inch. Vertical 
bars § inches in dimensions were to be spaced 9 inches apart for 
80 feet up, and 18 inches apart for the remainder of the height of 
the tank. Concrete in walls was to be mixed one part cement, 
two and one-half parts sand, and four and one-half parts stone; 
no plastering was proposed for walls, but the use of castile soap 
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and alum, applied in three coats,-was to be given wall after 
completion. 

A fourth bid contemplated the reinforcement of the tank by 
Johnson corrugated bars, $ inches to 1}4 inches in dimensions, 
used with a working. stress of 15 800 pounds per square inch; 
vertical bars, 4 inch square, placed 12 inches apart; concrete in 
bottom, mixed one part cement, three parts sand, and seven and 
one-half parts stone; concrete in walls, one part cement, two parts 
sand, and four parts stone. The noticeable feature of this proposal 
was the inside and outside facing of the concrete walls with a 
course of brick, and the placing of a layer of waterproofing between 
the inner brickwork and the concrete. 

The fifth bid proposed a mixture of one part cement, one and 
one-half parts sand, and three parts stone for the first 50 feet, and 
one part cement, two parts sand, and four parts stone for the rest 
of the wall. The reinforcement of Thatcher bars was to be used 
with a working stress of 14 000 to 19 000 pounds per square inch; 
plaster to consist of two and one-half coats 1 to 1 mortar, contain- 
ing soap and alum, and a coating, consisting of lye, alum, and 
cement, was proposed for the waterproofing of the tank. 

It is interesting to note that the working stress varied from 
13 500 to 19 000 pounds per square inch; that the concrete varied 
from a mixture of 1, 24, 5, toa mortar of one part cement to three 
parts sand, and that the waterproofing in all cases contemplated 
some method of surface treatment on the interior face of the 
wall. 

The bid of the Aberthaw Construction Company was accepted. 

Briefly, the structure is 50 feet in diameter, 106 feet high from 
the elevation of inside of bottom of tank to the top of cornice, 
with walls 18 inches thick at the bottom and 8 inches thick at the 
top, and covered with a Gustavino tile roof. 

The inlet pipe rises to an elevation 40 feet above the bottom of 
the tank; check valves compel the water to enter through this 
pipe and leave through the 24-inch pipe at the bottom of the tank, 
thus insuring circulation. Below the cornice, ornamental pend- 
ants of concrete are placed, just above a belt course, and back of 
these pendants openings were made in the wall, thus providing a 
large number of spaces for the overflow of water in case of accident, 
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this water hitting the back of the pendant, striking the belt course, 
and then falling in a.spray to the ground below, thus preventing g 
any danger of accident by washing such as might occur if the 
overflow were limited to one place. The gatehouse contains two 2 
| electrically operated gates, by which the standpipe may be cut 4 
out and direct servicesobtained from the pumping station to the 
town. 

The soil foundation was an excellent quality of hard pan and 
bowlders. 

Describing first the material in the work —the cement was 
Atlas, especially fine ground, as shown in the following result of 
| - tests, for which samples were taken from one barrel in fifteen: 


| ConDITION OF 


TENSILE STRENGTH. FINeENEss. 


Percentage 
Retained on 
3 hrs. in | 28 d. in 
Steam. | Water. 


200 Mesh 100 
Sieve. Mesh. 


1 Part Cement. 
3 Parts Sand. 


i} 
Hi Neat. 


24hrs.| 7d. | 28d. || 7d. 


: Average, 373 | 594 | 689 || 266 | 358 14.5 
e Maximum,| 474 | 697 | 793 || 339 | 422 Perfect 15.8 
- Minimum, | 203 | 478 | 582 || 199 | 281 12.3 


nne 


a The sand used was obtained locally, and had on the average an 

| effective size equal to .30 millimeter, with a uniformity coefficient 

| of 5.6. The stone used, for the most part taken from the imme- 

t diate vicinity of the work, was of excellent quality, with an 
| average specific gravity of about 2.68. The stone. was crushed 

; and passed through screens with openings varying from } inch 

; to 14 inches diameter. Immediately below the crusher three 


| bins were placed from which the material could be fed directly 
) into a Smith concrete mixer. The material passing the finest 
screen was discharged into a sand bin, the medium-sized stone 
: into the second bin, and the coarse stone into the third bin. 

Mechanical analyses of the sand and aggregate were made daily, 
and the material combined so as to reduce the voids to a minimum. 
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Considerable information, too detailed for presentation in this 
paper, was obtained in regard to the value of these mechanical 
analyses. In this connection it should be stated that while such 
analyses well justify the expense, all the good results of a proper 
mixture can be readily discounted in the placing of the concrete. 
Separation of the aggregate will, to some extent, occur in the 
discharge of most mechanical mixers, and the final character of 
the concrete for waterproof work is determined by the main- 
tenance of a thorough mixture up to the actual placing of the 
concrete in the walls, and the required degree of care in ramming 
and “‘ joggling ” the material to place in and around the walls. 

As already stated, it was intended to use square twisted bars, 
but the impossibility of bending these in a plane necessitated the 
adoption of some other form, and circular bars of .40 carbon 
steel, with an elastic limit of 50000 pounds and an ultimate 
strength of 80 000 pounds per square inch, were finally adopted. . 
It was also decided to use 14 inch bars in two rows at the bottom 
of the wall, instead of the smaller steel bars in three rows, so as to 
facilitate the placing of the concrete. The steel was delivered 
in lengths of 564 feet, three lengths with a lap of 30 inches at the 
ends making a complete ring. 

The use of this .40 carbon steel and the consequent difficulty 
in bending and holding the bars to the proper circle constituted 
one of the principal difficulties in the construction of the work. 
This steel could not be bent in the work and it had to be passed 
through rolls, which did not, in all cases, develop the true curve 
out to the extreme ends. 

The placing of the steel was begun using the 23-inch twisted 
yertical bars as originally planned. It was soon ascertained that 
in order to maintain the horizontal reinforcement in proper 
alignment and with the desired vertical spacing, some other 
method of supporting these members would have to be adopted, 
and it was determined to use channels, fifteen in the circle of 
the tank, with the web placed radially and the flanges drilled at 
proper intervals for the reception of short lengths of 4-inch bars, 
On which the horizontal reinforcement was hung inside and 
Outside of the channels. In this way the vertical and horizontal 
specings of the horizontal reinforcement was insured. 


actual point of its being deposited in the wall. 
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With this method considerable difficulty was encountered in 
maintaining the 14-inch bars in alignment, and the work would 
have been facilitated had additional channels been used. The 
use of the .40 carbon steel was responsible for this difficulty, and 
had a softer steel been employed in the work, the erection of the 
tank would have been rendered much more simple and the final 
results more satisfactory. This will be referred to later in my 
remarks. : 

The regular routine in construction of walls was, first, the erec- 
tion of the steel for a height of about seven feet or the depth of 
the form; then the placing of the inside and outside forms; then 
the filling of the forms with concrete; then a cessation of the work 
to allow the concrete to set preceding the erection of additional 
steel. It will be noted that this schedule necessitated a consider- 
able interval between the placing of the different layers of concrete. 
The feasibility of insisting on the continuous placing of the con- 
erete was one of the debatable considerations in the early days of 
the work, and one- contractor proposed to follow this scheme. 
Experience, however, early proved the impracticability of con- 
tinuously placing the concrete in a tank of this size. In smaller 
structures where a complete outside form can economically be 
erected to the full height in advance of the work and ribs for the 
inside form provided, so as to permit the rapid placing of lagging 
as the work progresses, then it may be possible to place the con- 
crete continuously. In a tank such as that under discussion, the 
forms must be sectional and the steel must be supported by the 
concrete as it is erected. This means a cessation of the concrete 
work between the moving and erection of the forms and steel, 
which cannot be avoided. By inserting beveled tonguing pieces 
and by thoroughly washing the joint so as to remove all dirt 
and laitance, and by covering the joint with a layer of thin 
grout and mortar before placing additional concrete, watertight 
joints can be obtained. This was proved, as practically no leak- 
age has occurred at any of the joints. 

It cannot be too strongly emphasized that the final outcome in a 
structure of this kind depends upon the proper placing of the 


eoncrete and the maintenance of a uniform mixture up to the 
Success depends 
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not only on an appreciation by the contractor of the necessary 
character of the work, but also by the workmen. With a mechani- 
cal mixer preparing concrete rapidly and a derrick raising it to 
the platforms from which it is shoveled into the forms, despite 
the fact that there were usually a tamper and spader to each 
shoveler, it was found that in certain places imperfect work would 
occur. These places were principally in evidence during the first 
few days of the work, and the quality of the concrete grew rapidly 
better with the acquired experience of the workmen. In several 
instances a mixture somewhat too wet was used, with the result 
that the spading and ramming served to drive the stone to the 
bottom of the batch being placed, with the result that in these 
places porous spots occurred. It was clearly proven that a mixture 
no more wet than would at all times support the aggregate was 
desirable. Placing concrete in a thin wall with a large part of the 
section occupied by two rings of steel bars calls attention to the. 
possibility of the stone wedging in and around the bars in such a 

way as to prevent easy filling of the entirespace. For this reason 

it is believed that round bars are better than square bars because 

of the greater ease with which the concrete will fill underneath 

them. In this connection, also, the advisability of using a thicker 

wall is worthy of consideration. On the other hand, with a 

thicker wall, certain sections of the concrete must be at a greater 

distance from the steel reinforcement and such sections, in case of 

deformation of the steel under tension, may lose the effect of the 

adhesion between the concrete and the steel, with a consequent 

cracking of the surface. 

In this connection, also, the advisability of using a mortar or a 
mixture of sand and cement without stone, because of the greater 
ease and certainty with which it can be placed, may, perhaps, 
justify the resulting increased expense. It is estimated that, in 
the tank under discussion, if a mixture of 1 to 2 mortar had been 
used instead of the 1-2-4 concrete, the cost would have been 
increased $2300; with a 1 to 2} mortar, $1500; and with a 
1 to 3 mortar, $750. | This extra expenditure in a structure costing 
$35 000 may, perhaps, be justifiable in the decreased liability of 
imperfect concrete and the greater certainty of an absolute bond 
between the steel and the cement. 
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When the walls had reached a height of twenty feet, the tank 
was filled with water to the elevation of the bottom of the lower 
form. A considerable leakage at once developed. By plastering 
the wall, digging out the spots of obviously pervious concrete, 
the percolation was considerably decreased, but these spots of 
poor concrete have, until recently, always been more or less in 
evidence. 

I do not intend to enter into a detailed description of the 
methods used in construction except so far as to explain certain 
suggestions which I believe may be adopted in future work. 

Immediately on the completion of the foundation a hard pine 
tower was constructed on the interior of the standpipe to an eleva- 
tion of sixty feet, and on this tower a derrick was erected and 
maintained at this elevation until the tank was raised to the top 
of this tower. The tower was then carried up to an elevation of 
about one hundred and ten feet, and the derrick again raised. 
This tower was entirely independent of the walls, and served 
merely to support the derrick and dumping platforms from which 
the concrete was shoveled into the forms. The existence of this 
independent structure was unquestionably of advantage in han- 
dling the materials, both concrete and steel. The tower, includ- 
ing the raising of the derrick, cost about $1 700. . 

Outside forms made in sixteen sections, about seven feet high, 
with horizontal ribs and vertical lagging, and locked together 
by clamps on the ribs, were provided in two sets, one above the 
other, the lower one being loosened and placed above the other 
as the wall progressed upward. These forms were held in place 
solely by the binding effect of the clamps and the consequent 
friction on the completed wall. The interior forms were con- 
structed of ribs on which’ horizontal straight lagging was laid 
during the progress of placing the concrete, in order to give the 
spaders a better opportunity to work between the steel rods. The 
forms were not as heavy as is desirable, and should have been 
provided with more diagonal bracing and better means of con- 
nection and clamping at the ends. The batter which was given 
the outside of tank increased the difficulty in handling the outside 
forms, which had to be adjusted from time to time to the varying 
circumference. It is questionable whether the added effect given 
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by this batter justified the increased difficulty in handling the 
forms. It is also believed that it would have paid to cover the 
outside forms with sheet metal. 

One of the conditions to be strenuously avoided in the construc- 
tion of a concrete structure similar to that under discussion is 
the possibility of either the steel or the concrete moving after the 
concrete has been placed and partially set, so as to follow the 
movement of either the steel or form. With the high carbon 
steel used in the Attleborough tank and the difficulty of maintain- 
ing it in place without the rings being under some stress during the 
filling of the forms with concrete, it seemed impossible to avoid 
the chance that some movement of this steel might take place 
which would result in the formation of a void in the concrete wall. 
This was also true of the sectional forms. Thus, despite the fact 
that with each moving of the lower set of forms upward on the 
wall the circle was carefully taken by steel tape from a center 
wire on a heavy plumb bob from an independent tower in the 
center of the tank, it would frequently be found that the forms 
had moved a fraction of an inch during the placing of the concrete. 

It may be worth while to refer to the clips which were used in 
tying the ends of the steel bars together. These were of the 
Crosby type, three being placed at each joint. Aside from the 
increased bond thereby assured, they were necessary with the 
steel used by the Aberthaw Company in order to tie the ends 
together and hold them in place during the filling of the forms with 
concrete. Without these clips the wall never could have been 
erected. Joints put together on the work, and tested at Water- 
town Arsenal, proved that the three clips developed the working 
stress of the steel. As the clips failed by tipping, it is believed 
that, allowing for the supporting effect of the concrete, the joints 
in the work will develop the elastic limit of the steel. 

As a matter of interest it may be stated that the 1-2-4 concrete 
in walls cost, approximately, as follows: 
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Cost oF CoNCRETE IN WALLS. 


Mixing concrete 
Placing concrete 
Form work 


Bending and placing steel cost about $9 per ton, or $2.30 per 
cubic yard of concrete. There were 770 cubic yards of concrete 
in the walls, and about 185 tons of steel. The clips, of which 
about 3 000 were used, cost $1 100. 

The work of placing the concrete in the walls, because of various 
reasons, progressed slowly, and the cornice was not completed 
until after October 1, 1905. After this the tile roof was con- 
structed, with the consequence that plastering the interior surface 
was not begun before cold weather had set in. It was attempted 
to heat the interior so as to permit the completion of this work, 
but it was found to be impracticable. By agreement with the 
contractor, the town concluded to use the structure throughout 
the winter, despite the fact that from the beginning of construction 
more or less leakage had been in evidence. The principal reason 
for concluding to keep the structure full of water was the hope 
that, with use, the leakage would decrease by precipitation of the 
carbonates in the voids of the concrete. This action has always 
been in evidence, and frequently leaks will absolutely stop and 
then apparently, by the breaking of this carbonate dam, subse- 
quently open. It is to be noted that at no time, so far as the 
amount of water loss is concerned, have the leaks been serious, 
and if the standpipe were located where freezing weather did not 
occur, the structure would have been satisfactory even in the 
condition under which it was used last winter. 

The use of the standpipe developed, in certain places, along 
towards spring, spots of several square feet in area which scaled 
off the exterior surface, apparently being thrown out by pockets 
of water which had collected, frozen and expanded. These 
pockets were unquestionably due to the movement of the steel or 
forms during construction at a time sufficiently long after the 
placing of the concrete so that some set had occurred. This 
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scaling of the exterior surface was confined to areas in the lower 
fifteen to eighteen feet of the tank. No additional leakage 
developed, and in all cases the concrete tank, other than these 
scaled areas, remained in excellent condition. 

With the return of spring, the Aberthaw Construction Company 
undertook the completion of the work, repairing the defacement 
of the outer surface and plastering the inside. The result has been 
that, with the completion of the plastering, details of which will, 
presumably, be given by Mr. Wason, the leakage was decreased 
to practically a sweating in a limited number of spots. Since then 
a number of alternate coats of castile soap and alum have been 
applied, with the consequence that, at the time of last observation 
made by the speaker, there was no sign of any leakage except in 
one spot about a foot square, where there was a slight sweating. 

The working stress in the steel varies from 8000 to 13 500 
pounds per square inch. At the highest limit the maximum 
deformation in the steel, due to water pressure, will be about - 
.43 of an inch in the semi-circumference. The adhesion between 
the steel and the concrete, which is many times in excess of the 
working tensile stress, prevents movement of the concrete on the 
steel, but at the surface section most distant from the reinforce- 
ment minute cracks have developed, invisible when the wall is 
dry and only to be found as the tank is drying out or in the manner 
used by Professor Turneaure in testing beams. This suggests 
the possible advisability of distributing the reinforcement so as to 
bring it as near the inside surface of the tank as possible, in such 
a way that the interior section will partake of the adhesion between 
steel and concrete. On the other hand, there are some reasons 
for concentrating the steel as nearly as possible in one plane in 
order to make certain that all rods are brought under tension 
uniformly. 

As all steel structures economically designed must be based on 
some deformation, and as in this case the elastic reinforcement 
is surrounded by a particularly inelastic medium, it would appear 
that, except so far as the adhesion of the steel and the concrete 
will counteract the results of stretch in the structure, water- 
tightness must be obtained by some elastic coating which will 
cover the minute checking of the surface. It is, of course, un- 
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necessary to state that these cracks are absolutely microscopic and 
entirely invisible except as indicated by the narrow wet streak 
. which remains after the tank has practically dried out. It has 
been suggested that, by adding lime or soap to the concrete, the 
concrete might be made more waterproof. It is questionable 
whether this would prevent the checking of the surface, and unless 
it is possible to use steel with such stress as to bring the structure 
within the elastic limits of the concrete, waterproofing under 
higher heads must be obtained by an elastic skin coat. This 
coat the Sylvester process is apparently able to provide. 

Another feature in the design of a structure of this type is the 
reinforcement connection between bottom and sides. This 
involves another form of the old problem of an arched dam. 
With a working stress which will make such a reinforced tank 
economically possible there will be some stretch in the steel — 
the bottom is, of course, under compression alone. It would, 
therefore, seem that radial reinforcement of the bottom running 
up through the connecting fillet and well into the sides is worthy 
of consideration. 

The above discussion has been intended to call particular 
attention to the incidental difficulties encountered in the building 
of the reinforced standpipe. This has been done with the feeling 
that, in a new field of this kind, by this way alone can progress be 
made. Because particular attention has been paid to the diffi- 
culties encountered and to the possible improvements in future 
design, the conclusion should not be drawn that the structure is 
not a success. The engineer, the contractor, and the authorities 
at Attleborough, have always been perfectly satisfied that no mis- 
take has been made in adopting this type of reservoir. 

Summing up the results of experience, it would appear that a 
soft steel should be used, distributed so as to permit as much 
greater section of the steel to partake of the effects of adhesion 
as possible; that extreme care must be taken to prevent move- 
ment of the forms and steel during the placing of the concrete; 
and that in all probability the greater ease and surety of absolutely 
filling the voids will justify the use of a mixture of cement and 
sand alone or, perhaps, with fine, clean, screened gravel added, 
the primary endeavor to be to make the body asa whole as homo- 
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geneous and impervious as possible, trusting for final waterproof- 
ing to a fine coating of some elastic preparation, the necessary 
attributes of which are apparently fulfilled by the so-called 
Sylvester process. 

Mr. Leonarp C. Wason.* Previous to bidding on the rein- 
forced concrete standpipe at Attleborough, Mass., the writer had 
built a number of watertight cellars, six swimming tanks, and 
quite a number of cement tanks for various purposes. Most of 
these were waterproofed entirely in concrete. The greatest head 
of water in any of them, however, was ten feet. From this expe- 
rience the writer saw no difficulty in constructing a tank to hold 
one hundred feet, and subsequent experience has not changed 
this view. 

The specifications and plans were left open for the bidders to 
design the reinforcement and suggest the mixture of the con- 
erete. In addition to the hydrostatic pressure, allowance was 
made for ice. By reference to Trautwine’s ‘“ Handbook,” the — 
writer found the maximum theoretical ice pressure would burst 
the strongest steel tank ever built, and he, therefore, arbitrarily 
assumed a tension from ice of 30000 pounds per foot of height 


on the concrete from top to bottom. The steel was designed for 
& maximum tension of 18 000 pounds per square inch, of which 
13 500 pounds was due to water, the balance to the assumed ice 


pressure. 

Subsequent experience would indicate that there is no trouble 
from ice, and, therefore, the maximum stress is that due to water 
only. 

As the result of an elaborate series of experiments carried on 
by the Metropolitan Water Board at Clinton, confirmed by others, 
and also by the writer’s own experiments and experience, it has 
been determined that mortar made of 1 cement, 2 sand is im- 
pervious to water; and concrete approximating 1-2-4, but with 
from 5 to 10 per cent. excess of mortar over thé voids in the stone, 
would also be waterproof. These were the mixtures that were 
used, and they proved very nearly waterproof. In selecting 
material, the writer desired to use gravel screenings, but as none 
were available, and as.there was a large quantity of hard stone 
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in the immediate vicinity, broken stone was used. A good 
quality of clean, coarse, sharp sand was obtained nearby. Atlas 
Portland cement was used throughout. A careful mechanical 
analysis of the sand and stone was made daily in order to get as 
weil-graded sizes of materials, and, therefore, as dense conerete 
as was possible. 

In the design as finally executed the steel reinforcement con- 
sisted of 14-inch diameter plain round bars in two rings from the 
bottom to a height of 60 feet. Above this a single row of steel 
was used, which, at 81 feet, was reduced to 14-inch diameter. 
There were 24 inches of concrete outside of the outer ring, and 4 
_ inches between, so as to give freedom in placing concrete; and 

the spacing of the bars vertically increased with their height above 
bottom from 3} inches to 8 inches, corresponding with the reduced 
pressure from water. They were about 564 feet in length, so that 
three made a complete ring, and were united at the ends with three 
Crosby guy-rope clips on a splice of at least 30 inches. They were 
supported rigidly in place by fifteen vertical 4-inch channels with 
pins passing through holes punched in their flanges at the spacing 
on plans, thus giving the exact spacing desired. Each splice 
was advanced 5 feet over that on the adjoining bars, so that no 
two splices in either ring came in line; and in one vertical plane 
there was but one splice in eleven bars. 

After the tank was completed a coat of plaster was applied to 
the inside by the same workmen who had done the concrete. 
These men were not skilled in plastering. 

The plant consisted of a horizontal boiler with engine mounted 
on its back, driving a Sturtevant roll jaw crusher, which crushes 
all stone to the size of 1 inch or smaller; elevator, rotary screen, 
and bins from which stone was drawn into a measuring hopper 
and fed into a Smith concrete mixer. A circular and band saw 
were also attached to engine. A heavy tower of hard pine was 
built in the center of tank, on top of which was a derrick with 
40-foot boom handled by engine on the ground, which also had a 
revolving gear attached. The steel bars were bent by being pulled 
through a tire bender around a curved form by a steam engine. 

The soil gave an exceptionally good bearing. Trenches were 
excavated below frost line, the pipes laid and embedded in the 
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concrete mixed 1-3-6. This included 18-inch thickness over the 
entire area of tank. Upon this base the waterproof concrete of 
tank began. The floor and a portion of wall about 2} feet high 
was cast at one continuous operation in order to avoid all seams 
and joint. This floor was 1 foot thick and was finished with 
granolithic troweled on as an integral part of the construction, 
and reinforced with }-inch twisted steel bars 6 inches on centers 
in both directions near the surface in order to resist shrinkage 
eracks. Quite a number of bars were also embedded in the floor 
radially and turned up in the wall to bond the two rigidly together. 

After completing the floor the tower and derrick were erected; 
steel was set to a height of 74 feet, and wooden forms, which were 
74 feet high, made in sections about 11 feet long, were erected. 
The outer forms were lagged vertically; the inner ones were 
lagged horizontally, one board at a time, while wall was being 
filled, so that the concrete was always accessible while being placed. 
When placing concrete, the work was done in four places around 
the circumference at once, and as rapidly as possible so as to 
obtain monolithic work, the entire circumference being kept at 
uniform height, and the 74 feet being filled before stopping. At 
qhe top a strip of beveled 2-inch by 3-inch wood was put in the 

‘middle of wall to form a groove. Before again placing concrete, 
the top surface was thoroughly scrubbed with water to wash away 
all laitance, and then the groove and top of the wall was com- 
pletely coated with neat cement. This joint proved very effect- 
ive. The operation of placing steel and raising forms took three 
days, so that the surface on which concrete was placed was quite 
hard when the work of placing was resumed. 

Leakage, etc. — Water was admitted to the tank as it rose in 
height, the water being kept about twenty feet below the working 
surface. Numerous small leaks developed, but only two were of 
sufficient size to squirt beyond the face of wall. From personal 
observation and cross examination of every one interested in 
the construction, the writer has been unable to learn that any 

leak appeared at a high head which did not appear first at a low 

head. The quantity leaking in some cases increased with the 
head. The total volume of water lost was small and decreased 
with time, the leaks appearing to silt up. Were it not for frost 


328 CONCRETE STEEL-REINFORCED STANDPIPE. 


they would not be worthy of consideration. In but three or four 
places was there any indication by discoloration on the surface 
that the leakage had rusted the iron. On account, of frost, it is 
objectionable to have walls so saturated with water, as it might 
lodge in pockets and spall off the surface. This actually occurred 
in some places last winter. Where there were leaks a white 
substance was washed to the surface and deposited. By chemi- 
cal analysis this proved to be almost entirely calcium carbonate, 
together with some calcium hydrate. This indicates simply that 
free lime was leached out of the cement. After the plastering was 
completed on the inside, water was almost immediately admitted, 
and when drained out, some months later, a deposit of muddy 
appearance was found on the bottom of tank. This, by analysis, 
was found to be iron, alumina, sand, and calcium hydrate; it 
was decomposed cement from which most of the alkali had 
been removed, doubtless due to water being admitted too soon. 

The first coating of plaster was not successful in stopping the 
leaks. The tank, nevertheless, was put into service and became 
nearly tight. Last spring it was replastered in a most thorough 
and careful manner, in the lower twenty feet five coats being used, 
but with no better result. Subsequently, Sylvester solution has 
been applied as follows: Thoroughly clean and dry the wall; 
then a pure Castile olive-oil soap solution was used, 12 ounces to 
one gallon of water, applied boiling hot. Twenty-four hours later, 
when the wall was dry, a solution of alum (2 ounces to a gallon 
of water) was applied at the normal atmospheric temperature; 
soap and alum washes alternated for four coats of each. This is 
the method used on the Croton reservoir to waterproof brick walls 
in 1870. The result, although not perfect, was very encouraging, 
and four additional coats have been applied, the work not being 
yet finished. The last time. the writer visited the tank, with 
fifty feet of water, there was but one leak, and this produced only 
a wet spot the size of the hand. 

As a result of this work, the writer believes that the success of 
this type of construction has been proved. While every means 
and all information that the present state of the art yielded were . 
availed of, still from the experience gained some further improve- 
ments can be made. For instance, a low working stress should 
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be used in the steel to avoid cracking the. cement, and soft steel 
should be used instead of medium hard; also a change in the num- 
ber and arrangement of bars. Some improvement could be made 
in forms to avoid possibility of movement of concrete after being - 
placed while setting which would cause porosity around the rein- 
forcement. A little stronger mortar and less stone could be used 
to good advantage; and some changes in mechanical plant could 
be made in connection with the above changes which would sim- 
plify the work of erection. 

Using a working stress of 13 500 pounds in the steel and a 
modulus of 30 000 000 pounds, the stretch in semi-cireumference 
of 81 feet when tank is full of water would be .444 inch. It 
would seem that concrete could stretch this much without crack- 
ing, but experience has shown otherwise, as twenty-four hours 
after water is drawn from the tank, when the walls are drying, 
so-called ‘‘ water cracks ” show: fine vertical dark lines, with a 
few horizontal, which indicate that the surface of the cement has 
been cracked. They are invisible when wall is dry. The plaster 
coat cracked directly over the cracks in the wall. This would 
indicate that concrete is an exceedingly rigid and inelastic material. 
An elastic material is used to bind together a brittle material 
that will crack at one tenth the stretch steel has at its elastic 
limit. This is the serious problem of standpipe design. {f 
enough steel is used to prevent cracks, its cost is prohibitive; if 
a less amount is used, the concrete cracks and leaks. Therefore, 
as a compromise, use a low stress in steel and an elastic water- 
proof skin on the inside. The coat, of Sylvester solution appears 
to be sufficiently elastic to form a watertight skin which would 
stretch without cracking and thus produce the desired result. 
With the experience in the construction of this tank and a few 
others which have been built, the art will soon be so perfected as 
to make this type of construction safe and sane for all locations. 
In cost such construction can compete for large tanks, but not 
for small ones. 

Lastly, a necessary element. of success is to let this type of 
work only to contractors with" large experience, who will appre- 
ciate the difficulties and have the technical knowledge and a con- 
scientious desire to master them. 
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BY 8S. A. AGNEW, SUPERINTENDENT SCITUATE WATER WORKS, 
- NORTH SCITUATE, MASS. 
[Read September 18, 1906.] 

When I came to read the title that I gave to the troubles that 
I have endured at my pumping station for the past five years, it 
. struck me as rather a bold title and not very far from misleading; 
for really, there is no machine that requires closer and more 
exacting attention than the so-called automatic machine;.and 
particularly is this so of the internal combustion engine, whether 
it use gas, gasolene, kerosene or what not; for the slightest dis- 
arrangement of any of its parts, or the least obstruction to its 
ignition, or to its flow of gas, throws the whole machine out, and 
before you can say ‘“‘ Jack Robinson ” your engine has slowed 
down and stopped; and then you havea grand good chance to get 
to work and get all covered with grease and dirt, finding out 
your trouble, and one of the best opportunities in the world to 
exercise the God-given virtue of patience in getting your engine 
started again. 

However, Mr. Kent seemed to think you gentlemen didn’t have 
troubles enough of your own, but must needs share mine, and so 
I will tell you some of them and then be ready to receive your 
congratulations — or commiseration — when I get through my 
story. 

I don’t suppose there is any call at this time to speak of the 
general principle of the gas engine; undoubtedly you are all 
familiar with it, or if not you will find the subject pretty thor- 
oughly covered in the catalogues of the various engines; ‘and as 
for their good points, just read a few of these circulars and booklets 
— or better, get hold of a salesman. But if you want to know 
what thoroughly tantalizing, ‘cussed ” things they are— run them. 

The works that I have to do with are comparatively small; 

we get our water from driven wells and pump into a standpipe on 
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a hill about three quarters of a mile from the pumping station, 
and when the standpipe is full, we have about 175 feet head at 
the pump. 

A most serious problem with us is the vacuum we pump against. 
We have a good supply of good water, but it comes hard and slow, 
and this summer our vacuum gage has registered as high as twenty- 
five inches. 

We pump our water with two single-acting, triplex pumps 
(made by the Platt Iron Works), driven direct by two Hornsby- 
Ackroyd oil engines of sixteen horse-power each; that is, each 
pump of about a quarter of a million gallons capacity per day 
is operated by its own engine. And it is with the engine end of it, 
mostly, that Mr. Kent wishes me to deal to-day. 

The great consideration in favor of this kind of engine is on the 
score of low cost of operating. 

Under ordinary conditions these engines can be started by 
any ordinarily intelligent man; the pumping station can then be 
locked up, and the man go off about his work for the day, returning 
at night to shut down, or to oil up if the engine is to be run all night. 

This I have done for the past five years; and while there are 
some drawbacks in such works as ours, where we have only a 
standpipe twenty-five feet in diameter and seventy-five feet high 
to pump into,— and unless the standpipe is kept pretty nearly full, 
people on the high hills get out of water, —still, for small works 
that can hardly afford an engineer at the pumping station all the 
time, it is a very cheap way and a very satisfactory way to pump 
water. 

And now as to the engines themselves: The Hornsby-Ackroyd 
oil engine — the kind we use — is a very simple machine, with 
very few parts to get out ‘of order; so simple, indeed, that one 
would suppose it couldn’t get out of order. And yet, strange as 
it may seem, it does. 

It isa four-cycle engine, of the hot-surface ignition type. 

To start it, the vaporizing cap has to be heated by an ordinary 
coil lamp until it is hot enough to vaporize the charge of oil that 
is sprayed into the chamber, and after that the explosions in the 
vaporizer keep it sufficiently hot to vaporize the oil, without 
any outside help from the heater. 
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The engine manufacturers claim that these engines can be 
started in from five to ten minutes, and possibly they can if every- 
thing is in ideal condition; but I have found in practice that it 
really takes from twenty minutes to half a hour. 

This is not all lost time, however, for it ordinarily requires that 
length of time to get the engine and pump oiled up and generally 
attended to. For you must know, that if a machine like this is. 
to be left to run itself for hours at a time, and no one to see it, all 
the care and attention which the ordinary engine has bestowed 
upon it continuously has in this case to be crowded into the time 
when the engine is being started; and if this idea is not kept in 


_mind, and any part is overlooked or only carelessly attended to, 


it is pretty sure to result disastrously. 

This, I believe, is the all-important thing to impress on the mind 
of the man who runs one of these engines. And even after all 
the carefulness possible, there will things happen that no one can 
foresee. 

For instance, one dey I was driving down in the direction of 
the pumping station, end met an old Irish teamster who was 
working for me at that time. When the old man spied me coming, 
he got off his “‘ jigger,’’ and with his hands up to hail me and a 
look of terror on his face, shouted almost before I was within 
hearing, ‘‘ Misther Agnew, det engine ish goin’ like hell.” And ~ 
sure enough, when I got to the station things did look and sound 
as though they were going in the direction the old man suggested. 

A key that held the governor had worked out and the engine 
was racing. It was rather terrifying to go in and stop it amidst 
all the noise and clatter of the racing engine and pounding of the 
pump. But when it was done and the engine looked over cere- 
fully, no damage could be found — not even a warm bearing. 
And so the governor was fixed up and the engine started, appar- 
ently none the worse for its race. 

And speaking of warm bearings’ The greatest and most con- 
stant danger in this method of pumping is hot bearings. 

Most of the pump bearings are designed to use grease, and on 
these we use a mixture I make up myself of Albany grease and 
graphite. Occasionally one of these bearings will warm up a 
little and the grease melting and running out faster than it 
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ought gets thrown around by the revolving crank and everything 
around gets bespattered with that black grease. However, the 
cups are pretty large to allow for just such happenings, and so no 
bearing has ever been really damaged on the pump. 

On the engine bearings, nothing but oil is used; and I never was 
fully s«tisfied with the different methods used for lubricating the 
different parts, so I have supplemented them with little devices 
of my own. And even now they are a constant source of anxiety 
to me, for the piston velocity is pretty high, and let anything 
oceur to obstruct the proper drip, or let them drip too fast and so 
empty a cup, and there is sure to be something ruined. 

There was another difficulty that caused me no end of annoy- 
ance at one time, though I am not troubled with it now. The 
engine made carbon in the vaporizer. It was the funniest thing, 
too, and I never had the satisfaction of knowing just why it did it, 
either. This carbon would form in loose balls from the size of a 
pea to the size of a hen’s egg; and when about so much had 
formed the engine would cool down and stop. It was the most 
baffling thing with which I ever had to deal. 

The engine has stopped as many as three times a day, and each 
time it stopped the vaporizer cap had to be taken off and the 
carbon removed — from a quart to two quarts of it. And then 
at times, for no apparent cause, the engine would run for weeks, 
and not deposit one particle of it, and then as suddenly begin 
again. 

I did everything I could possibly think of, to remedy it; 
took the engine all apart, time after time, without any result; 
for the engine would seem to deposit this carbon just when it saw 
fit. I had men from the factory who were supposed to be experts, 
who did the same things I did, and did just about as much good; 
and the only satisfaction I could get from them (and their bills 
of éxpense) was, that the engine ought not to do it. 

However, as I said, I don’t have this trouble to contend with 
now, and the only reason I speak of it is because I understand there 
are members of the association who contemplate installing engines 
similar to these, and this is one of the troubles they may have. 

Now these are some of the troubles I have had in the past. 
As to the advantages of this method of pumping, as I said before, 
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the engine can be left entirely to itself, and if it is properly attended 
to when starting up, will need no attention whatever for ten or 
fifteen hours. 

The time required to start my engine in the morning so that 
I can go through the day with a comparative feeling of security 
is about an hour. Say the machine is to run all night also, it 
will require about another hour in the evening to oil up. 

Now, ordinarily, this is all; and you must know that this is 
not very much time to put on a machine for a twenty-four-hour run. 

About twice a week the spray valve, a valve that sprays the oil 
into the vaporizer, ought to be taken out and thoroughly cleaned, 
and any dirt or obstruction removed; this takes about ten or fifteen 
minutes, and can be done generally while the engine is heating up, 
so that no extra time need be charged up on that account. 

For the benefit of the association, I have ‘made some accurate 
tests during the past month to ascertain the fuel cost of pumping 
with this kind of engine. Every bit of oil has been measured 
very carefully, and a close record kept of the hours and minutes 
the engine has run, and I might say that is the first time I ever 
attempted to make a really accurate test. 

The fuel we use is a cheap fuel oil that can be bought in Boston 
for about 44 or 5 cents per gallon in barrel lots. It can be bought 
considerably cheaper in tank cars and in some other places. I 
have bought it as low as 2} cents of an independent oil concern, 
but on account of increased transportation charges, it cost us 
about as much as oil bought in Boston at a higher price; and we 
can get it at shorter notice from Boston. So that for our works 
the most satisfactory place to purchase is in Boston. 

By careful measurement, extending over a considerable period, 
I found the average consumption of oil to be 1.14 gallons per 
hour. The average head, including friction, was 180 feet. The 
amount of water pumped was calculated from the number of 
revolutions of the pump, and the average displacement per hour 
was 9 600 gallons, from which I took 5 per cent. for slip. 


9 600 —5% = 9 120. 


This divided by 1.14 gives 8 000 gallons of water pumped per 
gallon of oil consumed; or, with oil at 1 cent per gallon, the cost 
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would be $ of a cent per 1 000 gallons—from which you can see 
what the cost of pumping per 1 000 gallons would be, with any 
given price per gallon for oil. For instance, with oil at 4 cents 
per gallon, the cost would be 4a cent per:1 000 gallons of water; 
at 6 cents per gallon, the cost would be 3 of a cent per 1 000 
gallons; at 8 cents per gallon, the cost would be 1 cent per 1 000 
gallons, ete. 

The above results put into foot pounds of water pumped per 
gallon of oil, give 12 031 200 foot pounds per gallon of oil. 

I should like to say that in making these tests no special effort 
was made to secure favorable results or establish records of high 
efficiency, but rather to secure a record of everyday results. The 
engine was taken just as it was, and no effort whatever made to 
put it in better condition than it iseveryday. I might possibly 
have secured a higher efficiency had I prepared the engine for it, 
but it seemed to me that results secured under everyday condi- 
tions are of more practical use to us than those secured with 
conditions ideal, —a state of affairs that doesn’t very often exist 
at most pumping stations. 

The labor cost is very small indeed, —two hours per day would 
be a fair average; but for extras, add, say, 50 per cent. This 
would be three hours per day for attendance; and J can assure you 
that this three hours is a generous allowance. Furthermore, three 
hours will cover a twenty-four-hour run as well as a five- or ten- 
hour run. In fact, the nearer you can run the engine continu- 
ously, the less per hour it costs for attendance, for it takes a man 
about so long each time, and once the engine is started, it can 
run fifteen hours just as well as five hours. 

That brings me to another thing I want to say right here, in 
regard to lessening the labor cost: There is a tank under each 
engine that holds about twenty gallons of oil. You can measure 
a certain amount of oil and put in this tank — say, 114 gallons. 
Start the engine, and leave it, allowing the engine to run down 
when the oil is used up. This 114 gallons will run my engine 
about ten hours. We see, then, there is no occasion for any one 
going near the pumping station from the time the engine is started 
one day until it is time for the engine to be started the following 
dav, or whenever it is necessary to start up. 
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I have done this time and again, especially in the winter, when I 
have very little help, and so make a considerable saving in my 
labor bill. 

There are other small items of expense to be added to the 
regular operating expenses, — grease, lubricating oil, etc. But 
these are small items, for the only new lubricating oil I use is 
on the piston of the engine. ll the oil bearings are lubricated by 
old oil that has been cleaned in the filter, and if I find my second- 
hand oil accumulating too fast, I use a little of this on the piston. 

Now, gentlemen, I don’t know as there is very much more to be 
said about my pumping station, and how it is run. I have got 
used to this method of pumping, and am satisfied with it; as to 
its comparison with steam, I think it far ahead at small works. 

There are risks attached to it, and more than that, there is the 
anxiety to the one who is responsible for the town’s water supply; 
for no matter where one is, if that engine has been left running, 
one sort of feels it, and can imagine all sorts of things happening 
that are the source of continual anxiety. And this phase of the 
matter that cannot be measured in dollars and cents is part of 
the price you pay for running a plant of this kind. 

Naturally, you get used to its running, and it does not weigh 
so heavily on you as time goes on, and you become accustomed to 
it. But when I first ran this plant the thing hung over, me like 
some impending disaster; and I would find myself, when getting 
anywhere near the pumping station, listening to hear the exhaust 
of the engine, and unconsciously urging my horse to a faster trot to 
get there before something happened. 

If, however, you are willing to put yourself: into it and give it 
your watchful care, you will find it does your work for you in a way 
that will almost win your love, — certainly, your admiration. 

As to my estimate of running this kind of a plant, and what it 
will do, I have tried to give you a fair idea of what it costs and 
what it will do, under present conditions. There are, of course, 
repair expenses that no one can estimate beforehand. 

We had an engine once that put us to no end of bother and 
expense, and I have not included in what I have said any account 
of the expense either of repairs or labor on that engine, because 
it seemed to me that there must have been something radically 


| 
t 
&§ 
f 
— 
iq 
tq 
a 
4 
e 
; 
a | 
aN 


DISCUSSION. 337 


wrong with it from the first, and it could not with fairness be com- 
pared with the ordinary machine of this kind; and so my estimate 
of running cost has been confined to the two engines now in use 
at our pumping station. 
DISCUSSION. 


Mr. Frank L. Fuuier.* I should like to ask Mr. Agnew 
whether he has figured out what it costs him per hour per horse- 
power to do this pumping? 3 

Mr. AcNew. You can very easily figure that from the foot 
pounds. I gave about twelve million foot pounds. 

Tue PresipeNT. Mr. Tower, of Cohasset, who is a neighbor 
of Mr. Agnew, ought to be able, as Mr. Agnew says, “ to tell us 
some tales out of school.’ 

Mr. D. N. Tower.¢ Mr. President, I do not think I can add 
anything to the very excellent paper we have just listened to. 
Mr. Agnew seems to have covered the whole ground. 

Mr. Witi1amM H. Toomas.{ I think, Mr. President, that Mr. 
Tower can give us a little more information in regard to attend- 
ance. I do not think he requires as much attendance for his 
machine as Mr. Agnew reports he does on his, and I wish he would 
tell us how he operates. 

Mr. Tower. I have two engines, and they differ from Mr. 

,Agnew’s in this respect, that they are located quite a distance 
apart, more than a mile, and I run one during the night and one 
during the daytime. My man who looks after them lives about 
midway between the two engines. He starts off in the morning, 
I don’t know at what time, probably about half past six, and he 
passes the reservoir on the way, takes note of the condition of 
affairs there, and then walks along and stops the engine which 
has been running all night. He gets down to the other engine at 
about seven o’clock and starts that up, and then goes about his 
day’s work. About five o’clock in the afternoon he goes to the 
engine which has remained idle during the day and starts that up 
and then proceeds to the one which has been running during the 
day and stops it. . That is the way he has been doing all summer. 

* Civil Engineer, Boston, Mass. 


+ Superintendent of Water Works, Cohasset, Mass. 
¢ Superintendent of Water Works, Hingham, Mass. 
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The cost of attendance is probably about the same as in Mr. 
Agnew’s case, only it covers the two engines. Each engine pumps 
about nine thousand gallons an hour. I don’t know anything 
more that I can say. 

Mr. Aenew. I would like to say that I did give you a good 
generous allowance for attendance, and did it purposely. The 
tendency in a paper of this kind is to minimize the “ outs’; and 
when we make a report about our engine’s doings, we somehow 
like to give it a good name and make a good showing. But really, 
if anything, I have gone the other. way in this case and have 
allowed more time.than it actually takes. I, myself, have been 
to the pumping station, started the engine and left the place 
inside of twenty-five minutes. It wouldn’t pay, probably, 
to try to do this all the time,. and further, I would not want a 
man of mine to do it at all, for I would be afraid that in his hurry 
he would oyenlook something and then it would take more time 
and cause ‘ieve trouble to fix up the damage than it would have 


~ taken at the start. However, an hour is ample time to start, and 
zicin the evening if the engine is running smoothly and you want 
ict to run all night it will take about fifteen minutes to oil up. 


Week before last I started up one of my engines Saturday at 


-“. 3 p.M., that was September 1, and it ran continuously till midnight, 
~ Sunday, September 9, a run of two hundred and one hours. Now 


the only time spent on the engine during this run was to oil up twice 
a day and this took about fifteen minutes each time, or a half hour - 
per day for attendance. We finally allowed the engine to run 
down itself by putting oil enough in the small tank to run it to 
about midnight. So you see that when I allowed that three hours 
per day for attendance I made it pretty large, and I did it because 
I had rather be on the safe side than to lead some man into the 
belief that the engine could run with practically no attendance at 
all, for it really does take some time to look after it. 

Mr. Freeman C. Corrin.* I believe I have about recovered 
from my fright now and can say a few words on this subject. I 
was, perhaps, responsible for the installation of the first engine 
of this class which was used for pumping water for a public water 
supply in this section of the country, the one Mr. Tower has at 
* Civil Engineer, Boston, Mass. 
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Cohasset, and I have advocated the use of this type of power for 
pumping engines in small supplies for some eight or ten years, and 
have put in perhaps twenty such plants. I was a little afraid, 
or, to tell the truth, I was a good deal afraid, when Mr. Agnew 
began his paper, that he was going to demolish all my theories 
and show how poor a plant this was for pumping water. I feel 
much gratified at what he has said, in spite of his troubles, which 
I believe are incident to all plants, and perhaps show up a little 
more in an explosion engine plant than in any other, on account 
of the lack of attendance which is given it. 

Of course I do not know so much about them as the men who 
are running them and looking after them all the time. I have 
tried to ascertain all I could about them, and while I am not 
entirely: familiar with details, I believe that in most cases the 
engines have run right along without very much attendance. Of 
course, in a good many of the plants I have put in, considerable. 
attendance has been given them, but it has not been like the 
attendance which has to be given a steam engine, by any means; 
and the expense of these plants, as compared with the expense 
of a steam engine, is very small, when you are pumping less than 
two hundred thousand gallons of water a day, or even more, at 
the price of fuel oil as Mr. Agnew states it. I have always been 
accustomed, until within a few years, to compute the cost of oil 
or gasolene at twelve or thirteen cents a gallon, perhaps more, 
which, of course, makes the fuel cost of one of these plants high, 
and quite excessive, perhaps, if it were not offset by the saving in 
attendance. 

A kerosene-oil engine, I think, presents a little more difficulty 
than a gasolene engine. A gas plant, on the other hand, rather 
less. I put in two gas engines in Charlottetown, Prince Edward 
Island, where gas could be obtained at a reasonable price and 
gasolene was very high, and there has been no trouble whatever - 
with those engines. They are used for pumping sewage. At 
Winchester, Mass., I have put in one gasolene plant and one 
kerosene plant, and they have never given any serious trouble. 
One of them was designed to stop itself, in the way Mr. Agnew 
has explained. There is a measuring tank with a glass tube to 
gage the quantity of oil. That is in addition to the outside tank 
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which holds the main body of oil. From the outside tank to this 
one the oil is pumped by a small hand pump, and by examining 
his gage the engineer can tell at any time how much oil he has, 
the idea being to pump enough oil in for the run and let the engine 
stop itself. In that engine the cooling water for the cylinders is 
provided by a circulating tank, so that there is no waste of water 
when the engine is stopped. I don’t know how the cylinders of 
Mr. Agnew’s engine are cooled, whether by running water or a 
circulating tank. 

Mr. AGNew. We have a little auxiliary pump bolted to the 
side of the engine bed and operated by an eccentric on one of the 
shafts of the engine to pump the water for cooling purposes. As 
I said at the outset we get our water from driven wells and pump 
against a considerable vacuum, twenty-five inches. This is quite 
a pull on the pump and in order to save this good water and also 
to save such a lift we use water for cooling the engine from a brook 
that flows back of the pumping station. This water is not suitable 
for domestic purposes, and there is practically no lift, for the brook 
is not much lower than the pump. 

Mr. Corrin. I was very much interested in what Mr. Agnew 
said about the efficiency of the pump being a little over 12 000 000 
foot pounds to a gallon of oil. That runs up very well indeed, 
especially when it is considered that that is the ordinary run of the 
pump and not a special test. On atest of one pump that I put in at 
Madison, Me., we got 14 000 000, and that I considered very high, 
but the conditions were quite good, and the conditions make a 
great deal of difference in the efficiency of a plant of this kind, 
that is, the head and the amount of water pumped. The condi- 
tions at Scituate are apparently very good. 

I think this subject of the internal explosion engine is a very 
important one at this time, because it seems to me that everything 
points in the direction of the use of these engines for large plants 
for pumping. The gas producer plant, if it proves to be able to 
do what it promises to do, is in my opinion going to almost revolu- 
tionize the method of pumping water. Mr. Thomas has such a. 
plant which has not been running vcry lorg, but I understand it 
has been very successful so far, and I hope he will tell us something 
about it. If power can be produced at the rate of one horse-power 
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per 1} or 14 pounds of coal per hour, as I understand the com- 
panies who furnish gas-producer plants are ready to guarantee, 
of course it is very easy for us to see that there is an immense gain 
over the steam plant, for our best steam plants, our very high- 
priced high-duty plants in large mills, will not do that. I do not 
know of any of them that can be depended on to get down to a 
pound and a quarter. I hope Mr. Thomas will tell us something 
about the plant which he actually has in use. 

Mr. Tuomas. I do not think I can say much about it at pres- 
ent, as it is new tous. We pump our water twice, once by a gas- 
producer plant and once by a steam plant. In our gas-producer 
plant we burn about 1000 pounds of coal a day, and pumping 
the same quantity of water with the steam plant we use a little 
over 4.000 pounds, so you see there is a little saving in fuel. But 
the conditions at the two stations are not identical. For instance, 
at our gas-producer plant, we are pumping against only 16 pounds, 
and with our steam plant we are pumping against about 80 pounds 
pressure, so the conditions are not fair for comparison. I think, 
perhaps, at one of our later meetings I may be able to give a 
little information in regard to this plant. 

Mr. E. H. Foster * (by letter). One of the most interesting 
cases of “ pumping without attendance” is to be found at the 
water works in Peoria, Ill., where there has been in use since 
1895 a system of pumping water through auxiliary wells, 
which was designed and constructed, and later made the sub- 
ject of letters patent, by Mr. Dabney H. Maury. 

This system comes about as close to being “‘ pumping without 
attendance ’’ as possible, and was a case of invention born of 
necessity. 

The water supply at Peoria is taken from a large open well, 
53 feet deep and 34 feet in diameter, sunk in water-bearing gravel 
near the pumping station. This well gave enough water for the 
immediate needs of the city, but as the consumption increased an 
additional supply was soon found to be necessary. Careful 
surveys were made and test wells sunk with the result that it 
was decided to build a number of new wells about 800 feet apart 
and pump over ground to the main well. 


* Mechanical Engineer, New York, N. Y. 
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These wells were about 11 feet in diameter and were large 
enough to contain a set consisting of a pair of compound centrifu- 
gal pumps driven by direct connection to Pelton water wheels, 
the shafts being vertical. The motors derive their power from a 
water main connected with the town system near the pumping 
station, and the waste water from the motors is returned together 
with the water pumped from the smaller wells through a gravity 
line to the main well. Weirs for measuring the pumping capacity 
were fitted at the various wells. 

The system has not only been in successful operation since first 
installed, but has been extended from time to time as the con- 


- sumption increases. 


No attendance whatever is required at the outlying pumping 
stations, as the motors are stopped and started by opening and 
closing the valve in the main pumping station. 

It is somewhat surprising that this system has not become of 
more general use. It might at first seem somewhat complicated 


to take water from the mains to operate the auxiliary pumps, 


but in reality this will be found to be most efficient, providing 
the main pumping capacity is large enough to furnish the extra 
water. 

The combined efficiency of the pump and motor is approxi- 
mately 50 per cent.; thus if the water has been pumped into the 
main supply at a duty of say 120 000 000 foot pounds, the net duty 
of the auxiliary plant will be about 60 000 000 foot pounds, which 
is high for a small unit, particularly when it is considered ey no 
attendance is required. 

The system has been found to work very well, and when —— 
into more prominence will undoubtedly be used where additional 
supply, filtration or any special service requires a low-pressure 
pumping plant. 

Mr. A. A. Rermer.* Mr. Foster’s communication suggests a 
point I was going to raise, that of pumping by a centrifugal pump 
with electric motor drive. In East Orange, N. J., we have in- 
stalled within the past three years a new plant for furnishing about 
27 000 or 28 000 people with water from artesian wells, having in 
use as the main pumps two four-million-gallon cross-compound 


* Superintendent of Water Works, East Orange, N. J. 
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high-duty Snow steam pumps. There are two groups of wells 
with twenty flowing wells in each group. One group, lying about 
a mile from the main pumping station, is lower than the main 
station, and the artesian head is not sufficient to lift the water 
over the low summit which lies between the pumping station and 
the second group of wells. In order to pump this second group of 
wells we are installing at the present time, at a substation near 
these wells, a centrifugal pump and electric motor guaranteed for 
five million gallons capacity. 

The question has arisen in my mind as to the safety of operating 
that substation without attendance. You realize that if any- 
thing should happen to that large electrical unit, there is going 
to betrouble. Weare protecting the motor with all the best safety 
devices, but in case of accident, with a mile intervening between 
the main station and substation, we might be in serious trouble; 
so I was hoping I might hear some experiences to-day on the part 
of others who may have similar plants. There is only one that 
has come within my own observation, and that is at Newton, Mass., 
which I had the pleasure of visiting some time ago. There the 
substation is about 1 500 feet from the main station, and it is run 
with only occasional attendance, the pump being started by means 
of switches in the main station. That is what we are intending 
to do, and I wanted to gain a little further light from the experi- 
ence of others at this meeting, if possible. We are getting ready 
now to start, and we are going to watch with a great deal of 
anxiety, I suspect, for a while to find out if things are going to run 
smoothly. I am not hunting trouble, but I want to keep away 
from it if I can. 

Mr. Futter. I might say that at Uxbridge, Mass., they have 
installed a triplex pump with a capacity of about three hundred 
gallons per minute, which will be run by a General Electric motor, 
operated by current furnished from the local electric light 
station. The plant has not been in operation as yet, but we are 
hoping that it will be possible to run it without having to spend 
a great deal on the item of attendance. So far as it has been 
tried it has run very well indeed, and there has been apparently 
no need of any attention except keeping the oil cups filled and a. 
man going once a day to see if everything is all right. The pump 
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can be started and stopped from the power station, and the item 
of attendance apparently will be quite small. 

Mr. Corrin. I wish I could give a little more definite informa- 
tion on this subject than I am able to at this time. I put in a 
plant at Madison, in connection with the engine I spoke of a little 
while ago, where we wished to take water from a point up stream 
from the old pumping station, where the water was pumped by 
power, and to use the power at that station. A-generator was 
put in and the power transmitted to the new pumping station, 
perhaps three quarters of a mile up the river, above where the 
sewage of the town came in. There is a triplex pump of about 


- half a million gallons capacity, as I remember, and I have heard 


no complaint at all about it, so I suppose it has been running 
satisfactorily and continuously. It was supposed to be started 
in the morning and left to run through the day, or perhaps-longer 
than that if the consumption of water required it. It is only an 
assumption that it has been successful, from the fact that it has 
been doing the work and there has been no complaint and no 
criticism. 

Mr. Futter. I think, Mr. President, that this comparatively 
new form of triplex pump is going to be largely used in small 
plants, because, as has been stated here, the item of attendance is 
small, the cost of the building is small, no expensive chimney is 
required and the building can be quite small, and where the 
electric current can be had at a low rate, or, as in the cases which 
have been presented to us, where the cost of fuel oil or gas is small, 
it certainly is going to simplify the pumping question. A good 
many towns are hardly.able to put up an expensive pumping plant 
and employ a licensed engineer, and there are other items which 
come in to swell the cost of that kind of plant. These pumps are 
simple, easily kept in repair; an ordinary man by spending part 
of his time will keep everything in order, and it seems to me it 
will be a great help to the average small town if such pumps can 
be used. 

PresIDENT SnpGwick. In regard to the criticisms which the 
public may make in any case of failure of the water supply, it 
seems to me that where there are plants of this kind the superin- 
tendent or the water board, or whoever the authority may be. 
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ought at the outset to take the public into his or their confidence 
and say, ‘ Now we are trying to get along cheaply. Once in a 
while there may be trouble, and you have got to bear your part 
of any such hardship as well as the rest of us.’’ And an intelligent 
community, if educated and taken into confidence in that way, 
will, I am sure, always respond. That will relieve the engineer 
or superintendent of some of that care which Mr. Agnew has 
touched upon, and which is no slight matter. It seems to me 
that any man who leaves a pump going while he is away must 
always have it, consciously or unconsciously, on his mind, and 
that is a pretty serious thing physiologically. In the case of a 
nervous man it might even mean a breakdown. Therefore in a 
case of this kind it seems to me that we ought to do what we do 
so much in America and what they are now doing everywhere all 
over the world, namely, take the public into our confidence and 
expect them to-codperate with us, rather than to “‘ keep dark ”’ 
and tell them, “ Oh, it will be all right; don’t you worry,” and so 
on; because otherwise when the time of worry comes the man in 
charge has to bear it all. 

In this connection I was reminded of the old rhyme, which some 
of you will probably remember, about care and its effect on us: 


“Care to our coffin adds a nail, no doubt, 
And every laugh so merry draws one out.” 


When Mr. Coffin began speaking I was reminded of these lines, 
for he suggested that he was frightened “ nearly to death,” and 
they came to me in this way: 


Care to our Coffin adds a nail, no doubt, 
While every ‘ pump-without-attendance’ draws one out. 
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EXPERIENCE WITH NEW ENGLAND WATER WORKS 
ASSOCIATION STANDARD SPECIFICATIONS FOR 
CAST-IRON PIPE AND SPECIAL CASTINGS. 

TOPICAL DISCUSSION. 
[September 12, 1906.] 
Mr. CHarLes W. SHERMAN. I don’t know that I have much 
to say in the way of personal experience with the specifications, 


~ but it may be interesting to the members to know how exten- 


sively the sale of these specifications has gone forward. They were 
adopted at the annual convention four years ago. Immediately 
thereafter the association commenced to print them in pamphlet 
form for use by members and others interested. We have had 
printed at different times 4 000 copies, all of which have been sold 
at retail by the Secretary, with the exception, perhaps, of 500 
copies still in stock. In addition to that we have supplied two 
parties with 1 000 copies each, one thousand to the National Fire 
Protection Association, which wished to furnish a copy to each 
of its members, and the second thousand to the new American 
Cast Iron Pipe Company, of Birmingham, Ala., which has adopted 
our specifications as the standard on which to cast all its pipe, 
and has had them printed with its special cover to circulate as its 
catalogue. My understanding is that any one who sends to 
that company for a catalogue will receive a copy of these specifica- 
tions, simply bound in a special cover bearing the name of the 
company. In addition to that I have been informed by corre- 
spondence that the Lynchburg Pipe and Foundry Company, of 
Lynchburg, Va., which, I believe, is a comparatively small foun- 
dry, confining itself to pipes 12 inches in diameter and smaller, is 
working on the basis of our specifications. On the whole, it is 
a very encouraging experience, it seems to me, for so short a time. 

When it comes to the matter of buying pipe under the specifi- 
cations from the old established foundries, the matter is not quite 
so simple. I was speaking on the subject with Mr. Brackett a 
few days ago, and he said it seemed to him conditions this year 
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were such that they compared very nearly with conditions during 
the coal strike a couple of years ago. At that time we had to buy 
almost anything which was black under the name of coal, and 
now we have to buy almost anything which is iron as pipe, no 
matter whether it is made under our specifications or no specifica- 
tions. I found very much the same thing, not only this year but 
last year, in getting small quantities of pipe for one of our western 
water companies. Whether they were bought from the United 
States Cast Iron Company or one or two other foundries which 
pretty nearly dominate the western field, we had to take their 
special patterns. They would, however, give us the slight com- 
fort of agreeing to comply with our specifications so far as inspec- 
tion is concerned, but that was about all. 

Mr. A. A. Rermer. Speaking of trouble with the foundries, I 
can tell a little experience that we have had in East Orange. 
After the annual meeting of this association last year, I decided 
to adopt for East Orange, N. J., the New England Water Works 
specifications, and since then all our orders have been placed 
on that basis. The foundries have given us no trouble, with the 
exception of the United States Cast-Iron Pipe and Foundry Com- 
pany. This company would always send in a bid for pipe, but 
would inclose specifications which looked about as much like the 
New England Water Works specifications as a cow does like a 
horse, and in consequence their bids have uniformly been rejected; 
we would not listen to them at all, and this summer I decided to 
stop asking them to bid. Why they have taken this position is 
not for me to state. The other foundries with which we have 
been doing business have agreed to the specifications without any 
question, and orders have been delivered with reesonable prompt- 
ness. 
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REPORT OF THE COMMITTEE ON “UNIFORMITY IN 
THE DIRECTION OF OPENING HYDRANTS AND 
VALVES AND IN THE SIZE AND SHAPE OF HYDRANT 
AND VALVE NUT.” 


[Presented September 13, 1906.] 


Your committee, which was appointed at the New York 
meeting of the sssociation, in September, 1905, begs to submit 
the following report: 

The lack of uniform standards in matters relating to water 
supply and fire protection has been long felt by water and 
fire departments, by manufacturers of appliances connected with 
these departments, and by water-works engineers, and has caused 
serious losses to owners and underwriters. 

A notable advance has been made in this direction by the 
adoption by this association of the recommendation of a com- 
mittee, which reported at the New York meeting in September, 
1905, on “‘ Uniformity of Hose and Hydrant Threads.” 

The matters referred to your present committee, while not 
of equal importance, are closely related and worthy of careful 
consideration. The greatest efficiency in the use of appar:- 
tus of any kind is dependent upon its simplicity, and uniformity 
tends to simplicity. 


PRESENT CONDITIONS AS TO UNIFORMITY IN WATER WORKS 
AND FIRE DEPARTMENT APPLIANCES. 


The present lack of uniformity is more largely accidental than 
intentional. In the early days of water-works construction, 
each city and town was practically a law unto itself in such matters, 
paying but little regard to the methods employed in other munici- 
palities. The manufacturers supplied the needed appliances 
in a form to suit their customers, and while better designs and 
possibly better materials are now employed, the important ele- 
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ment of uniformity has not yet been entirely secured. It is not 
surprising that there should have been this lack of uniformity in 
many particulars, when the great number of manufacturers and 
the still greater number of users, with their different ideas of what 
is best, are taken into account. 

This report has to do with three matters of great importance, 
where uniformity does not and never has existed. They stand 
next in importance to a Standard Uniform Hose Thread. 

There is no accepted standard for either the operating nut on 
valves connected with street mains or for the nut on fire hydrants, 
and different patterns of each are in use. This is especially to be 
regretted in the latter instance, because the hydrant wrenches 
of one fire department will not necessarily fit the hydrants of 
another. Therefore assistance is often delayed when promptness 
is of the utmost importance. , 

Uniformity in each of these two cases ought not to be difficult’ 
of attainment, and it is surprising that it does not already 
exist. No time should be lost in recommending a standard for 
each. 

No uniformity exists as to the direction in which either a hydrant 
or a street valve turns to open; in some cases they turn to the 
left, and in others-to the right, to open. oa 


L 


There appears to be much greater, if not practically entire, 
uniformity in the direction of opening of nearly all steam valves, 
the larger number of small water-works fittings, such as faucets 
or bibbs, and in almost all water valves found in pumping stations, 
or connected with pumping engines, which generally open to the 
left. These far outnumber the valves and hydrants found in 
the streets, a portion of which, it is to be remembered, now open to 
the left. 

By means of correspondence with manufacturers, a statement 
has been obtained of the percentage of hydrants and street valves 
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furnished by them during the last: few years which open to the 
left, and this information is shown in the following table: 


Per Cent. TO THE Lert. 


Street 
Valves. 
Ludlow Valve Manufacturing Company (sales 
for past five years, 5 000 to 6 000 hydrants 
Coffin Valve Company (as furnished to about 
200 citiesandtowns). ........ 45 45 
Eddy Valve Company (since March1,1901). . 84 60 
Rensselaer Manufacturing Company... . . 80 60 
Chapman Valve ManufscturingCompany . . . 50 25 
The Fairbanks Company (within the last three 


The Ludlow Valve Manufacturing Company state that “‘ during 
the last twelve or eighteen months (letter dated April 4, 1906), 
the number of hub valves and hydrants which open to the 
left has greatly increased.” 

It is safe to assume that no change will ever be made in tke 
direction of opening steam valves and the small fittings just 
alluded to, which open to the left. They are too numerous and 
their use so well established that it would be practically impossible 
to make any change in the direction of opening, even if it should 
seem desirable. 

There can be no doubt that the majority of the iidsante now 
in use, in New England at least, open to the right. Boston, as 
the pioneer, inaugurated the practice of opening all hydrants and 
street valves in this direction, and many of the other cities and 
towns have adopted the same method. Of late (according to a 
statement of the Ludlow Valve Manufacturing Company), there 
has been an increase in the number of hydrants and valves opening 
to the left. 

It thus appears that a majority of all valves, both steam and 
water, and all small water-works fittings, as well as a portion of 
the fire hydrants now in use, open to the left. 

There is probably no difference in the facility with which 
hydrants and valves can be opened, whether it be to the right or left. 
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COMMITTEE REPORT. 


RECOMMENDATIONS. 


After careful consideration of present conditions and an earnest 
effort to judge wisely. as to the future, your committee sug- 
gests for the consideration of the association the following 
recommendations: 

1. In new systems all hydrants and valves shall turn to the 
left to open. 

2. All additions and repairs to existing systems of hydrants 
and valves shall be such that.there shall be continued uniformity 
in the direction of opening, whether it be to the left or to the right. 
If no uniformity already exists, all new apparatus shall turn to 
the left to open. 

(a) A city or town having an established system of water works 
should continue to install hydrants and valves having the 
same operating nuts and opening in the same direction as 
those already in use, unless it has been decided to at once 
change all old hydrants and valves to the new standard. 
This principle is imperative and no departure should be 
made from it. It is unfortunate that entire uniformity was 
not earlier advocated and adopted. The very rapid increase 
in water-works appurtenances, great numbers being turned 
out daily, increases the importance of uniformity. 

3. All fire hydrants shall have a pentagonal (five-sided) operat- 
ing nut finished without taper to one and one-half (14) inches 

“from “ point to flat.” The nut socket in the wrench shall be made 
without taper so as to be reversible. 

(a) This size and shape of nut is in quite general use and has 
been recommended by the National Fire Protection Associ- 
ation. 

4. An arrow at least six (6) inches long, showing the direction 


* of opening and the words to open in distinct letters at least three- 


quarters (#) inch high, shall be cast with one-eighth, (4) inch relief, 
upon the top of all fire hydrants. 

5. All valves connected with street mains shall have an operating 
nut one and fifteen-sixteenths (1}) inches square at the top, 
two (2) inches square at the base, and one and three-fourths (13) 
inches high. 


t 
) 
. 
t 
e 
d 
| 


352 UNIFORMITY OF OPENING HYDRANTS AND VALVES. 


6. The operating nut on all valves shall be made with a flanged 
base upon which shall be cast an arrow, at . 
least two (2) inches long, showing the direc- 
tion of opening and the word open in dis- 
tinct letters at least one-half (4) inch high, 
as shown in the sketch. 

The standard direction for opening hy- 
drants and street valves is a perplexing 
question and there are sure to be differences of opinion. The 
standards recommended are for new systems and for such oth- 
ers as choose to change. It will be many years before entire 
uniformity can be secured, and then only by the earnest codépera- 
tion of those who believe uniformity, to be worth striving for. 

Frank L. 

Frank C. Krmpa.t, 

Epwarp V. FRENc#, 
Committee. 


DISCUSSION. 
Mr. Frank L. Futter. Mr. President and Gentlemen: I regret 
that I am the only member of this committee present. Mr. Kim- 
ball, as you know, has gone to the state of Washington. I hada 
letter from him a few days ago, in which he said that of course it 
would be impossible for him to be present at this convention; that 
he regretted losing so many of our meetings, and he further said 
that he shouldn’t live in Washington all his life unless his life was, 
very short. Mr. French had been away on a vacation, and he 
regretted very much that he could not be present, and he wished 
to be remembered to all the members, and desired me to say in 
connection with this matter of uniformity that he was present at 
the fire at Fort Fairfield, Me., recently, and that the effect of the 
lack of uniformity there was lamentable. A steamer came from , 
an adjoining town and was perfectly useless, could do nothing, 
because it could not connect with the hydrants in the town. That 
trouble was sought to be remedied by the committee which re- 
ported last year in New York in presenting a recommendation for 
uniform thread for hose and hydrants, which was adopted. 
Of course we realize the difficulty of the situation, but we hope 
the association will adopt these recommendations and that all 
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the members will use their influence to have this matter of uni- 
formity brought about. We realize that probably there will be 
difference of opinion, and that all the members will not agree 
with this report, and we will be glad to hear from those who have 
different ideas. For the sake of bringing the matter before the 
meeting, I will move the adoption of this report and the discharge 
of the committee. 

Mr. M. F. Couiins.* Before the motion to accept the report 
is adopted, I should like to ask Mr. Fuller if he gave the size of 
nuts on the independent valve stems any consideration, and 
whether it wouldn’t be advisable to have them the same size as on 
the main valve stem, so’you wouldn’t have to have, as we do at 
the present time, a small part attached to the wrench for the 


ERRATA. 


On page 352 of the Journax for September, 1906, nine lines 
from bottom of page, for ‘‘ Fort Fairfield” read ‘‘ Fryeburg.” 

On the same page (352), seven lines from bottom, for “ an adjoin- 
ing town,” read “ Portland, about 50 miles distant.” 


which uniformity should exist. By inquiry | think we could find 
what the common size is, and perhaps it would be wise to adopt 
that. 

Mr. Couurns. I think, Mr. President, that Mr. Fuller is per- 
fectly right about the usual size of this small nut, but we are put- 
ting in an independent high-service system at Lawrence, having 
& pressure of from 125 up to as high as 134 pounds, and in having 
the hydrants made, we had the heads made the same size on the 
small independent 23-inch hose connections that they were on the 


* Superintendent of Water Works, Lawrence, Mass. 
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main spindle, so a man wouldn’t have to turn the wrench over 
at all. I thought I would bring the matter to Mr. Fuller’s atten- 
tion to see what he thought of it. : 

Mr. Freeman C. Corrtn.* I should like to ask Mr. Fuller if 

he has heard any complaint that the stems, as they are made now, 
are too weak? I have heard some complaint of that kind, and the 
suggestion that they might be made larger or stronger than in the 
past. 
Mr. Futter. Yes, I think Mr. Coffin is right, that these stems 
are too small for the wrench which is likely to be used, and apt 
to twist off. My own idea is that it is much better to screw an 
independent valve (such as are carried in the hose wagons) on 
each outlet nozzle of the hydrant, and connect the hose with this 
valve, rather than have these independent gates which are inside 
the casing of the hydrant, and which are forever getting out of 
order. In the excitement of a fire it is very apt to be the experi- 
ence, I think, that these small stems, being so small, are twisted 
off and broken, and trouble ensues; when you want to shut them, 
you can’t shut them. Byt if you have an independent valve, 
operated by a hand wheel, on each hydrant opening, you avoid this 
danger. I notice that some of the manufacturers of hydrants 
place an independent valve on each nozzle of the hydrant. Pos- 
sibly this matter ought to have recéived more attention from the. 
committee. 

Mr. ALEXANDER Orr. In connection with the 4-way and 
3-way hydrant, the hydrants which have been shipped to our de- 
partment lately do not have this auxiliary valve ‘uside the hy- 
drant barrel, but on the outside, being an entirely auxiliary valve 
with a wheel at the top. That type of hydrant, I understand, is 
the one which is recommended by the National Fire Underwriters 
Association, and, in fact, it is the hydrant which was specified by 
them in some of our work. 

Mr. Greorce A. Stacy.t While the spindle for the auxiliary 
valve or independent nozzle, I think, is amply large enough to 
open or close the valves, the trouble is with the implement we are 
obliged to employ in opening and closing these small valves. The 


* Civil Engineer, Boston, Mass. 
+ Superintendent of Water Works, Marlboro, Mass. 
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wrench is practically the same length and gives the same leverage 
as that which opens the main gate of the hydrant. You know 
that all the men who run in the fire departments are not me- 
chanics, and they get the same leverage on the small stem that 
they do on the main gete. I have h:d two broken in that way, 
not because the spindle wasn’t strong enough to open and close 
the valve, but because the man with the leverage he was using 
was too strong for the spindle. These spindles would do the work 
if the leverage was reduced to a point where it would be impos- 
sible for a man to overcome the factor of safety, but they can’t 
stand the strain where a man with a long wrench uses the same 
strength to open or close a 2- or a 24-inch valve as he does to open 
or close a 6- or 8-inch gate. I think that the valve which is 
put on the outside of the hydrant, with a wheel giving the leverage 
adapted for that size of valve, is the proper thing (when placed in 
a mill yard), as called for by the underwriter specifications and 
recommended by them for use in their mill equipments. If placed 
on the hydrants in our public streets, I think there would be danger 
of their becoming damaged and inoperative by the ever-present 
small boy and the malicious that are in every community. I 
think you agree with me that no hydrant maker makes a valve 
stem which is not amply able to open or close the valve without 
breaking, and that the trouble is with the wrench. 

Mr. Couurns. I think this discussion has brought up some- 
thing which is going to be of some benefit to the association, and 
while I don’t want to impose any more work on Mr. Fuller than 
is necessary, I think it would be wise to accept, but not adopt, the 
report to-day, and then to give him a little more time in order 
to look the matter up and talk with the hydrant men, and in the 
winter he may have something to suggest to us on the opening of 
the independent 23-inch hose connections. 

Mr. Stacy. I am not of Brother Collins’ mind in regard to not 
putting any more work on to Mr. Fuller, for I think he has had 
too easy a time. I was on the committee on uniformity of hose 
and hydrant threads, and we had quite a job on our hands, and I 
don’t want Brother Fuller to get out of it any easier than we did. 
He has made what I call an excellent common-, horse-sense report 
on this matter, as far as he has gone, but I think he can spread 
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out a little more and take in the other details with a great deal 
of satisfaction to himself and benefit to the <ssociation, and I 
don’t think we ought to adopt this report until he covers the 
ground more fully. 

Mr. Futter. I am sorry Mr. Stacy thinks I have had so easy 
atime. As I told you, Mr. Kimball is in Washington, and it takes 
about two weeks to get a letter to him and receive an answer, 
even if he writes immediately. Mr. Kimball has been very good 
and said he would help us all he could. Mr. French, as you all 
know, is an extremely busy man, and acquiesced in my offer to 
draft a report. So I wrote out the report and sent copies to the 
other members of the committee. Mr. French was away on his 
vacation, but he had one of his men come down to my office, a 
very bright young man, who had had considerable experience in 
getting out similar papers, and together we went through it, and 
then I re-submitted it to Mr. French and he thought it was sub- 
stantially right. Mr. Kimball also sent his approval. I think 
the points raised by Mr. Stacy and by Mr. Collins are good ones, 
and the committee will be glad to give proper attention to this 
matter of independent valves, look into it, and add to this report 
something in this connection and present it at some meeting 
next winter. I think the committee would be glad to get the 
thing into shape and have the matter settled. 

Mr. A. E. Martin.* If the committee wants any more informa- 
tion on this subject, I would suggest that they write to Mr. A. W. F. 
Brown, water registrar at Fitchburg. I had occasion to visit him 
a little while ago in regard to some high-service fire protection; he 
is not only water registrar, but he takes a great interest in the 
fire department, —runs to about every fire they have and helps 
out,—and I don’t think he would recommend any auxiliary 
valves at all. In fact, he talked very much against them. He 
said they were almost always found to be shut when they ought 
to be open, or open when they ought to be shut, and very often 
a spindle was broken or otherwise damaged, particularly if the 
highway department were allowed to use the hydrants. It oc- 
curred to me that perhaps the committee might get some useful 
information from him. 

* Superintendent of Water Works, Springfield, Mass. 
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Mr. Stacy. I would suggest, Mr. President, that we accept 
this report of the committee as a report of progress, and request 
the committee to make a further report at some early meeting 
next winter. 

Mr. Futier. I will withdraw my motion that the report be 
adopted. 

THE PRESIDENT. Then, if there is no objection, the report will 
be accepted as a report of progress, and the committee requested 
to continue its work and report finally at some meeting next 
winter. 

Mr. CHARLES W. SHERMAN. Before the matter is closed there 
is one other point in connection with it which, it seems to me, the 
committee might consider with profit in its future deliberations, 
and which is of a good deal of interest in connection with one of 
the works, at least, with which I am connected. In one small 
water system which we are operating there are valves opening 
in both directions, and this is not quite so uncommon a thing as 
might be supposed. I have instructed the superintendent of the 
works to go over the ‘system and mark, with the most durable 
white paint he could get, an arrow on the under side of the valve- 
box cover, showing in what direction the particular valve opens. 
Most makers of valves also make the standard cast-iron valve 
boxes which are in general use, and why the covers of those boxes 
should not be made with large arrows on them, — good, large, 
prominent arrows, which would show even if the cover got rusty, 

I don’t see. Of course you would have to buy a supply of covers 
with right-hand and left-hand arrows, if you had both kinds of 
_ valves on the works, but that would be a small matter. 

Mr. Corrin. There is one suggestion I should like to make, and 
I make it modestly, for I haven’t thought much about it. It cer- 
tainly is very desirable that every water works should have uni- 
formity in regard to opening of valves, and all valves certainly 
should open in the same direction, and it is very unfortunate that 
matters are in the condition that they are at present. It seems 
to me it might not be a very expensive matter for towns where 
there are valves opening in both directions, which desired to 
adopt a standard,— probably the left-hand standard,— to put on a 
gear simply to reverse the movement of the valve. I think a 
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device could be made very cheaply and applied to the flange of 
the bonnet or hood of the valve without removing the valve or 
even shutting off the water. One of the gears could be put on in 
place of the present nut on the end of the stem. I think an appa- 
ratus of that kind might be designed at a cost of perhaps less than 
a 6-inch gate, perhaps not less than a 4-inch gate, and it would 
obviate any taking up of gates and cutting up pipe lines, etc. 
I would make the suggestion that the committee consider if any- 
thing can be done in that direction. 

Mr. J. D. Harpy.* Holyoke is one of the places which are 
unfortunate in having their valves open one way and their 
hydrants the other way. When they started in to build the works 
I suppose they didn’t think much about that, and we have so 
many valves and gates now that it would be almost impossible 
to change them. They are making in Holyoke now what is called 
the Hercules independent gate to put on the outside of the hy- 
drants. It has a nut, and one-half turn of that opens or closes 
the valve, and no wheel is required. I don’t know what the effect 
of water hammer would be, but we are putting on quite a number 
of them now and we have had no trouble from those that are in 
use so far. They can be easily put on any hydrant, and if they 
work as they seem to be able to, I think they will be one of the 
best things that I have ever seen or known of for an independent 
gate on a hydrant. I don’t think much of these things with a 
small nut ontop. I know I put one in one day, and the very next 
day the firemen went to open it and they broke the nut, disabling 
the hydrant for that fire. But the Hercules can be readily taken 
off should it break, though I see no reason why a fireman, even 
if he loses his head, should break it. 

Mr. J. C. Gitpert.t The works in our town were put in in 
1883 and 1884, and when we called for bids for hydrants, the 
parties who came forward told us that most hydrants sold at that 
time opened to the right. The committee — I had the honor of 
being one of the committee — could hardly see why they should 
open to the right. We discussed the matter for a number of 
days, and finally decided that, let others have them as they would, 


* Superintendent of Water Works, Holyoke, Mass. 
+ Treasurer of Water Works, Whitman, Mass. 
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we would have ours open to the left, and, therefore, we put in all 
our hydrants and valves and gates to open to the left, and I assure 
you we never have been sorry. 

I recollect one little incident connected with it. We had a 
bad break on a pipe line where there were a number of large fac- 
tories, and we worked all night to get the water on the line so the 
factories could have it early in the morning. We got through 
about five o’clock, and I told the foreman that when I went to 
breakfast I would open one of the gates on the main line before 
I had my breakfast, so that the factories could get water all right. 


‘I did so and then went home, and while I was eating my break- 


fast a man came up to the house post haste, and said that the 
factories were in great danger because they had started up steam 
and couldn’t get any water. I immediately left my breakfast 
and started for the house of the foreman, who also had gone home, 
and I asked what it all meant. I said: ‘ I opened the gate.”” He 
said: “ I forgot what you told me, and I sent one of my men up 
there to open it.” It was a mystery to us, and so I said: “‘ Let us 
go up to the gate,” and we went. This man had been working for 
the city of Brockton, where the gates open to the right; and 
we found that he had been there and turned down the gate 
immediately after I had opened it. We have but one gate in 
the town that opens to the right, and that is not in commission 
at present, as we have abandoned the well where it is located. It 
was set by a contractor, and we didn’t know that it opened to the 
right until after it was put in. 

Another little incident. Some two years ago we made a trade 
with the city of Brockton,— when they took water from Silver Lake, 
—for them to furnish us with water. Of course we had a large gate 
where we tapped their pipe. It was something like 2 mile from 
the center of the village. We got the job all completed, and at 
the last moment it was decided that we should have a sort of cele- 
bration when the water was let on, and I was selected as the man 
to open the gate. There were, I guess, a thousand people present, 
and after having pictures taken of all the dignitaries, I placed 
myself in position to open the gate. It was my good fortune to 
have one of the Brockton officials standing at my left. After 
making a short speech, I boldly attempted to open the gate, and 
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it brought up solid. I was working at it with all my might when 
the Brockton man touched me on the shoulder and said, “ It 
opens to the right.’”’ [Laughter.] It was too late, however, and 
the laugh was on me. The story got into the local papers and it 
has-always been kept as a joke at my expense. 

I never could see any reason myself for opening a gate to the 
right. What would you think of a manufacturer of screws who 
made them to turn down by turning to the left? It is just as 
natural if a man is going to turn a screw to turn it to the right as 
it is for him to breathe; it: seems to be a sort of instinct, and it 
always seemed to me a very wrong thing to have a valve or a 
hydrant open to the right. 

Mr. Epmunp M. Buiaxe.* I should like to say a word, Mr. 
President, along the line suggested by Mr. Sherman. The keep- 
ing of careful record plans of pipe lines, connections, hydrants, 
gates, etc., has advanced a great deal in the last few years, but 
there are still many cases, in cities where both right- and left-hand 
gates have been put in, where the record is not quite clear. This 
has been brought to my own notice in some recent tests which 
we have been carrying on in some of the large cities with the 
pitometer. In some cases fires have broken out, and in two par- 
ticular cases the pressure was very much less than they had ex- 
pected to get at a given point, and as the pitometer was in service 
at that time, it was used to investigate to see what the trouble 
was. In those two cases we found gates, which were supposed to 
be left-hand gates, which were really right-hand gates, and they 
were closed and had been that way for five or six years, unknown 
to any member of the department. . 

Mr. Futter. In regard to what Mr. Sherman suggests as to 
putting an arrow on the under side of the cover of the valve-box, 
would it not be well to put the arrow on the top of the cover as well 
as on the under side? The only objection I can see to putting it 
on the top of the cover is that it might possibly get worn off by 
the action of teams and wheels. [If it is put on the under side, I 
can’t see any objection to putting it also on the upper side. I 
don’t suppose it would cost any more in making these covers to 
have two arrows instead of one, but it seems to me if there is to 

* Civil Engineer, Boston, Mass. 
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be only one, it would be better to have it on top, where a man 
taking off the cover would naturally see it. 

Mr. SHERMAN. I should certainly advocate casting the covers 
so as to have the arrow on both sides. My point was that in 
painting them on the covers, the paint wouldn’t last any time at 
all on the upper surface, and so I told the superintendent to paint 
them on the under side, and then, of course, a man would have 
to turn the cover over to see in which direction to open the valve. 
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PROCEEDINGS. 
JUNE MEETING. 
“ Field Day,” June 13, 1906. 


Excursion to 5 tenes Navy Yard, and by steamer Phila- 
delphia, down Boston Harbor and to Nantasket Point. 
The following were in attendance: 


MEMBERS. 

S. A. Agnew, F. D. Berry, J. M. Birmingham, C. 8. Burns, Jas. Burnie, C. E. 
Childs, P. M. Churchill, M. F. Collins, E. C. Crosby, Geo. E. Crowell, M. J. 
Doyle, E. R. Dyer, E. D. Eldridge, I. T. Farnham, J. N. Ferguson, E. W. 
Gaylord, J. C. Gilbert, A. S. Glover, A. A. Gould, J. A. Gould, J. W. Graham, 
F. S. Hollis, J. L. Howard, E. W. Kent, Willard Kent, G. A. King, J. W. 
Lynch, E. C. Levy, F. F. Longley, A. R. McCallum, Hugh McLean, F. E. 
Merrill, H. A. Miller, E. B. Phelps, E. M. Shedd, C. W. Sherman, J. T. Stevens, 
L., A. Taylor, H. L. Thomas, R. J. Thomas, W. H. Thomas, D. N. Tower, J.C. 
Whitney, W. P. Whittemore, Geo. E. Wilde, F. B. Wilkins, G, E. Winslow. — 
47. 


W. T. Sedgwick. — 1. 


Honorary MEMBERS. 


ASSOCIATES. 

Builders Iron Foundry, by A. B. Coulter; Chapman Valve Mfg. Co., by 
Edward F. Hughes; Fred C. Gifford; Hersey Mfg. Co., by Albert S. Glover; 
Lead Lined Iron Pipe Co., by Thomas E. Dwyer; Ludlow Valve Mfg. Co., by 
A. R. Taylor; National Meter Co., by J. G. Lufkin; Platt Iron Works Co., 
by F. H. Hayes; Rensselaer Mfg. Co., by C. L. Brown; Ross Valve Co., by 
Wm. Ross; Thomson Meter Co., by E. M. Shedd; Union Water Meter Co., 
by W. F. Hogan; R. D. Wood & Co., by W. F. Woodburn; Henry R. Worth- 
ington, by Samuel Harrison. — 14. 

GuESTS. 

D. L. Agnew, Scituate, Mass.; C. O. Bourne, Charlestown, Mass.; F. L. 
Cadou, Vincennes, Ind.; Miss S. Chambers, Miss M. Ebert, Buffalo, N. Y.; 
Miss Nellie DeGreefe, Amsterdam, N. Y.; A. F. Estabrook, Leicester, Mass.; 
Mrs. J. N. Ferguson, Boston, Mass.; C. O. Galvin, E. F. Garby, Worcester, 
Mass.; Mrs. John A. Gould, Newton, Mass.; Edward Hanlon, Cohasset, 
Mass.; W. C. Hopper, Paterson, N. J.; Mrs. J. L. Howard, Boston, Mass.; 
F.S. Tunen, Akin, N. Y.; R.A. Sones, Waltham, Mass.; Mrs. E. W. Kent, 
Woonsocket, R.I.; A. A. Longley; Washington, D. C.; Miss K. S. McCarthy, 
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Boston, Mass.; Mrs. H. A. Miller, Newton Highlands, Mass.; Miss Norwell, 
Chicago, Ill.; Mrs. Noyes, Gloversville, N. Y.; Mrs. E. B. Phelps, Boston, 
Mass.; Chas. Rollins, Watertown, Mass.; Chas. W. Ross, Mrs. Chas. W. Ross, 
Newton, Mass.; Mrs. G. M. Sargent, Kansas City, Mo.; Capt. Sears, Mrs. 
Sears, Lynn, Mass.; Mrs. E. M. Shedd, Somerville, Mass.; Miss Stizil, Chicago, 
Ill.; Mrs. R. J. Thomas, Lowell, Mass.; E. A. Winchester, Malden, Mass.; 
Mrs. G. E. Winslow, Waltham, Mass.; Mrs. B. M. Wood, Kansas City, Mo.; 
— 35. 

[Names counted twice, — 2.] 

Meeting was called to order‘on board the iidiees ie Vice- 
President Jos. M. Birmingham. Secretary Willard Kent read 
applications for membership from the following persons: 

For Resident Member: Dr. Gardner T. Swarts, Providence, R. L; 
Charles E. Childs, Somerville, Mass.; E. C. Crosby, Brattleboro, 
Vt., 
For Non-Resident Member: George M. Bacon, Salt Lake City, 
Utah; S. J. Rosamond, Fort Smith, Ark.; Robert J. Harding, 
Hudson, N. Y.; Charles L. Fox, Pittsburg, Pa.; A. W. Shaw, 
Brandon, Manitoba. 

These applications were approved by the Executive Committee. 
It was voted that the Secretary cast a ballot for the applicants, 
and he having done so, they were declared duly elected to member- 
ship. 

There being no further business, the meeting adjourned. 


ANNUAL CONVENTION. 


Fasyan Fapyans, N. H., 
September 12, 13, 14, 1906. 


The Twenty-Fifth Annual Convention of the New England 
Water Works Association was held at the Fabyan House, Fabyans, 
White Mountains, N. H., on Wednesday, Thursday, and — . 
September 12, 13, and 14, 1906. 

The following members and guests were registered: 

MEMBERS. 


§. A. Agnew, C. H. Baldwin, L. M. Bancroft, F. A. Barbour, J. E. Beals, 
F. D. Berry, J. M. Birmingham, F. E. Bisbee, E. M. Blake, George Bowers, 
James Burnie, C. E. Chandler, J. C. Chase, F. C. Coffin, M. F. Collins, J. H. 
Cook, G. K. Crandall, C. E. Davis, J. J. Desmond, M. J. Doyle, Bartholomew 
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Dwyer, E. R. Dyer, C. H. Eglee, E. D. Eldredge, C. R. Felton, A. M. French. 
F. L. Fuller, J. C. Gilbert, W. J. Goldthwait, X. H. Goodnough, F. W. Gow, 
J. W. Graham, P. T. W. Hale, J. D. Hardy, H. R. Johnson, W. S. Johnson, 
Willard Kent, Patrick Kieran, G. A. King, Morris Knowles, F. H. Luce, 
Hugh McLean, H. V. Macksey, A. E. Martin, F. E. Merrill, H. A. Miller, J. 
T. Miller, F. L. Northrop, Alexander Orr, Washington Paulison, C. E. Peirce, 
T. A. Peirce, E. B. Phelps, A. A. Reimer, E. M. Shedd, C. W. Sherman, G. H. 
Snell, H. W. Spooner, J. F. Sprenkel, G. A. Stacy, G. T. Staples, R. J. Thomas, 
W. H. Thomas, J- L. Tighe, D. N. Tower, L. L. Tribus, C. K. Walker, E. L. 
Wallace, C. S. Warde, J. C. Whitney,’G. E. Winslow, I. S. Wood, G. W. 
Wright, L. C. Wright. — 74. 


Honorary MEMBERS. 
’. William T. Sedgwick, F. W. Shepperd.— 2. 


ASSOCIATES. 


Anderson Coupling Co., by Chas. E. Pratt; Ashton Valve Co., by C. W. 
Houghton; Builders Iron Foundry, by A. B. Coulters; Chadwick-Boston 
Lead Co., by C. N. Fairbairn; Coffin Valve Co., by H. L. Weston; The Fair- 
banks Co., by F. A. Leavitt and Chas. H. White; Garlock Packing Co., by 
J. E. Case; Hart Packing Co., by Horace A. Hart; Hersey Mfg. Co., by 
H. D. Winton and H. V. Macksey; International Steam Pump Co., by Sam’l 
Harrison; Jenkins Bros., by J. D. Stiles; Lead Lined Iron Pipe Co., by 
T. E. Dwyer; Ludlow Valve Mfg, Co., by H. F. Gould; H. Mueller Mfg. Co., 
by O. B. Mueller and Geo. A. Caldwell; National Meter Co., by C. H. Baldwin 
and J. G. Lufkin; Neptune Meter Co., by H. H. Kinsey; Norwood Engineer- 
ing Co., by H. W. Hosford; Pittsburg Meter Co., by F.C. Clifford; Rensselaer , 
Mfg. Co., by C: L. Brown; Ross Valve Co., by William Ross; A. P. Smith 
Mfg. Co., by Fred Whitcomb; Thomson Meter Co., by Edw. M. Shedd; Union 
Water Meter Co., by F. L. Northrop, Edw. P. King and Chas. F. Merrill; 
Water Works Equipment Co., by W. H. Van Winkle; R. D. Wood & Co., 
by Wm. F. Woodburn.— 31. 


GUESTS. 


- Mr. M.K. Murnair, Biddeford, Me.; Miss Dyer and Miss Robinson, Portland, 
Me.; Mrs. John C. Chase, Derry, N. H.; Mr. and Mrs. W. M. Gates, Nashua, 
N.H.; Mrs. E. L. Wallace, Franklin, N. H.; Mrs. T. J. Baker, Johnson, Vt.; 
Mr. Browley, conductor Mt. Washington Railway, Fabyans, N. H.; Mrs. 
G. H. Snell, Attleborough, Mass.; Mrs. Charles W. Sherman, Belmont, Mass.; 
Mrs. H. A. Hart, Mr. and Mrs. P. H. Gallaher, Mrs. Wm. S. Johnson, Miss 
Florence Kimball, Mrs. J. D. Stiles, Mrs. H. H. Kinsey, Mrs. H. V. Macksey, 
Mrs. Sam’! Harrison, Miss Joan M. Ham, Mr. L. C. Wason, Mr. T. P. Taylor, 
Boston, Mass.; Mrs. Charles R. Felton, Brockton, Mass.; Mrs. C. H. Eglee, 
Brookline, Mass.; Mr. and Mrs. James P. Bacon, Cambritize, Mass.; Mrs. 
D. N. Tower, Mery 3 P. Tower and Bessie L. Tower, Cohasset, Mass.; Mrs. 
George T. Staples, Miss G. M. Staples, Dedham, Mass.; Mrs. Patrick Kieran; 
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Fall River, Mass.; Mrs. H. W. Hosford, Mrs. W. A. Stevenson, Florence, 
Mass.; Miss Elenor R. Goldthwait, Mrs. C. M. Gregory, Marblehead, Mass.; 
Mrs. H. W. Spooner, Gloucester, Mass.; George N. Cross, Haverhill, Mass.; 
Mrs. A. M. French, Holyoke, Mass.; Mrs. Wm. H. Thomas and Miss Helen 
A. Thomas, Hingham, Mass.; Mrs. J. J. Desmond, Lawrence, Mass.; Mrs. 
George Bowers, Miss Helen E. Bowers, Mrs. R. J. Thomas, Miss C. Walsh, 
Miss K. Walsh, M. E. Murkland, Lowell, Mass.; Eleanor A. Barden and H. 
B. Sylvester, Middleboro, Mass.; Buckingham Miller, Newton Highlands, 
Mass.; Mrs. S. A. Agnew and Miss Hattie F. Seaverns, North Scituate, Mass.; 
Mrs. E. D. Eldredge, Onset, Mass.; Miss S. C. Berry, A. W. Danforth, Alice 
A. Danforth, L. A. Danforth, Reading, Mass.; E. T. Harvell and Chas. A. 
Townsend, Rockland, Mass.; Mrs. E. M. Shedd, Miss Lillian E. Leavitt, 
Edwin Leavitt, Somerville, Mass.; Mrs. E. A. Martin, Springfield, Mass.; Miss 
Lucy C. King, Taunton, Mass.; Mrs. George E. Winslow, Waltham, Mass.; 
Agnes L. Coffin, John R. Coffin, W. Medford, Mass.; Mrs. F. L. Fuller, Clifford 
’ D. Winton, Mrs. H. D. Winton, Wellesley Hills, Mass.; J. E. Peirce, Emma 
F. Vaughan, East Greenwich, R.I.; Mrs. C. E. Peirce, East Providence, R. I.; 
Mrs. Irving S. Wood, Providence, R. I.; Mrs. W. H. Griffith, Mrs. Willard 
Kent, W. H. Griffith, Jr., Narragansett Pier, R.I.; J. H. Walsh, East Hart- 
ford, Conn.; Mrs. George K. Crandall, New London, Conn.; Mrs. Perry T. W 
Hale, Middletown, Conn.; Charles Whiting Baker of ‘ Engineering News,” 
Mrs. D. M. Gilbert, Mrs. F. W. Shepperd, Mrs. I. S. Holbrook, Mrs. Louis L. 
Tribus, Master Lucien Hall Tribus, Mrs. O. B. Mueller, Mrs. Chas. H. White, 
Edw. S. Cole, Mr. I. S. Holbrook of ‘ Engineering Record,’”’ New York 
City; Mrs. C. E. Davis, Brown’s Station, N. Y.; Mrs. Alexander Orr, Glovers- 
ville, N. Y.; H. A. Holmes, Waterford, N. Y.; Mrs. F. H. Luce, Woodhaven, 
N. Y.; Agnes Estes Reimer, East Orange, N. J.; Mrs. J. H. Cook, Mrs. 
Washington Paulison, Passaic, N. J.; Mr. C. E. Knowles, Mrs. Morris Knowles, 
Miss Helen Knowles, M. Knowles, Jr., Pittsburg, Pa.; Mrs. Wm. F. Woodburn, 
Philadelphia, Pa.; Mrs. C. W. Small, Washington, D. C.; R. Winthrop 
Pratt, engineer Ohio State Board of Health, Columbus, Ohio; Mrs. R. G. 
Wallace, Mrs. A. B. Mora, R. G. Wallace, Chicago, Ill.; Mrs. George A. 
Stacy, Marlboro, Mass.; Rev. W. S. Miller, Pittsburg, Pa.; Mrs. J. M. 
Birmingham, Miss M. E. Dwyer, Hartford, Conn.; Mr. George F. Whitney, 
“ Hudson Contracting Co.,”” New York City.— 114. 
[Names counted twice, — 4.] 


TuEspAY EVENING, SEPTEMBER 11. 

An informal “ smoker ” was held in the hotel parlor, to listen 
to a lecture on the White Mountains, by Prof. George N. Cross, 
illustrated by stereopticon. 

WEDNESDAY, SEPTEMBER 12. 


The opening session of the convention was held on Wednesday 
evening, Prof. William T. Sedgwick, President, in the chair. 
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Mr. Morris Knowles, chief engineer Bureau of Filtration, Pitts- 
burg, Pa., was the first speaker. He gave a “ Preliminary De- 
scription of the Pittsburg Filtration System,” illustrated by 
stereopticon views. At the close of his address, President Sedg- 
wick said: 

‘‘] think we have reason to be proud of this work which is 
going on in Pittsburg. We are most of us New England men, 
but we are Americans before we are New Englanders, and it has 
been a disgrace to our country for a number of years that the 
rich, powerful, and progressive city of Pittsburg, in the face of 
repeated warnings, and of universal knowledge of its condition, 
has gone on furnishing its people sewage-polluted water to drink. 
If at last it is to have an ample filtration plant, that may be some 
atonement, although at best it will have been installed too late 
to satisfy the friends of such as have died of typhoid fever. 

“One cannot help being impressed with the tremendous progress 
which this subject of filtration has made in the past few years. 
When we think of the Lawrence filter, built in 1893, as the first 
of any consequence in the United States; when we think how 
few years have gone by since then, and remember what has been 
done in Albany and in Louisville and in Washington, and in 
many other cities and towns in the United States, and now in 
Pittsburg, we have reason to be very proud of the advances 
which are going on in water-works sanitation and construction. 
The time is fast coming when to furnish sewage-polluted water 
to a community will be regarded as an unpardonable crime, and 
when any city that continues to do it will be regarded as a city 
in disgrace. 

“No one who has listened to Mr. Knowles can help feeling that 
‘here is a plan which has been studied out carefully, in which the 
possibilities of trouble have been foreseen, as far as any one can 
foresee them, and which shows an amount of progress which is 
most promising and interesting. I think we have occasion to 
rejoice, not only as members of the New England Water Works 
Association, but as American citizens, that the city of Pittsburg” 
is likely to lose its disgraceful prominence in typhoid-fever statis- 
ties. For years every one who has studied typhoid fever in 
relation to water supplies has pointed out Pittsburg as one of 
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the worst, if not the worst, among the big cities of the country, 
and that in the face of wealth, prosperity, and manufacturing 
intelligence such as the world has perhaps never seen in any 
other community of the same size. It is incongruous, it is an 
anachronism, that it should be so, and it is high time that Pitts- 
burg, and all other cities which are now running on similar lines, 
should reform. That the work happens to be in charge of a 
member of the New England Water Works Association is to us 
a double cause for congratulation.”” [Applause.] 

The next paper was by Mr. Carleton E. Davis, department 


_ engineer Board of Water Supply, New York City, and was-a 


presentation of ‘‘ Water Supply Problems on the Isthmus.” This 
was also illustrated by stereopticon views. In presenting Mr. 
Davis, President Sedgwick said: 

“ The greatest piece of water-works construction that the world 
has ever seen, or is likely soon to see, is now in progress on the 
Isthmus of Panama,—the digging of the transcontinental 
canal. But although this is the greatest piece of work, there are 
connected with it many lesser pieces which are perhaps quite 
as interesting to us as water-works people. All the questions of 
water supply for the towns and cities on the Isthmus, for the 
laborers who must work on the canal or who must live there after 


’ it is built, are pressing problems which we Americans must meet; 


and many of them are new problems, because when the Suez 
Canal was dug engineers hadn’t the ideas of the need of pure 
water that we have to-day, — water of any kind would do to drink 
then, — but to-day we want to dig our canal in the most honorable 
and scientific way, and we want the people who are digging it, and 
the people who are to live there afterwards, to have good water 
to drink. And here we can again congratulate ourselves, because 
Mr. Carleton E. Davis, one of our own members, was for a number 
of months engineer in charge of the water supply and sewerage 
problems along the line of the canal.’ He is now department 
engineer of the water supply of New York City, but he has 
kindly consented to have made for us some lantern slides illus- 
trating local conditions on the Isthmus, and then to tell us about 
his own observations and experiences there. He has come to us 


to-night from New York for this purpose, as Mr. Knowles came . 
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from Pittsburg, and I have great pleasure in presenting him to 
you at this time.’”’ [Applause.] 

At the conclusion of Mr. Davis’s paper, which was illustrated 
by a number of interesting lantern slides, the meeting adjourned. 


THURSDAY, SEPTEMBER 13, 1906. 


The convention was called to order at 10 a.m. by President 
Sedgwick. The first business was the election of members. The 
Secretary read the following list of applicants, all of whom had 
been approved by the Executive Committee: ‘ 

Resident. — Leon E. Scruton, Rochester, N. H., engaged in 
engineering and in installing water works; Jdhn H. Walsh, 
Superintendent East Hartford Fire District Water Works, East 
Hartford, Conn.; George A. Shackford, Water Commissioner, 
Reading, Mass.; Charles A. Bogardus, Superintendent Chicopee 
Water Department, Chicopee, Mass.; George H. Shaw, Filtration 
Engineer Springfield Water Works, Ludlow, Mass.; Freeland 
Howe, Jr., Norway, Me., Consulting Chemist and Bacteriologist;. 
Henry W. Sanderson, Westfield, Mass., Superintendent Westfield 
Water Works; Charles A. Townsend, Water Commissioner, 
Rockland, Mass. 

Non-Resident. —H. J. Fuller, Tacoma, .Wash., Chief Engineer 
Tacoma Water Supply, Puget Sound Power Company, etc.; G. R. 
Coldwell, Brandon, Manitoba, Canada, Chairman Water Works 
Committee of Brandon. : 

Associate. — Hudson Contracting Company, cleaning water 
mains; The Pitometer Company, Chicago. - 

On motion of Mr. Collins the Secretary was instructed to cast 
one ballot in favor of the applicants, and, he having done so, they 
were declared elected members of the association. 

The Secretary announced that the Executive Committee 
unanimously recommended the election of the following-named ° 
gentlemen as Honorary Members: 

Joseph P. Davis, C. E., Yonkers, N. Y.,—formerly City 
Engineer, Boston, — Chief Engineer of the Sudbury River Water 
Works, Consulting Engineer Metropolitan Water and Sewerage 
Board of Massachusetts, etc. 

Dr. Henry P. Walcott, Cambridge, Mass., Chairman Massa- 
chusetts State Board of Health, member of Metropolitan Water 
and Sewerage Board of Massachusetts. 
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Hiram F. Mills, C. E., Lowell, Mass., Chief Engineer of Water 
Power at Lowell and Lawrence, member State Board of 
Health of Massachusetts, Consulting Engineer Metropolitan © 
Water and Sewerage Board of Massachusetts. 

Frederic P. Stearns, C. E., Boston, — formerly Chief Engineer 
State Board of Health of Massachusetts, — Chief Engineer Metro- 
politan Water and Sewerage Board, Consulting Engineer, Presi- 
dent American Society of Civil Engineers. 

John T. Fanning, Minneapolis, Minn., Consulting Engineer, 
builder of many water-works systems. 

Rudolph Hering, New York City, Consulting Engineer for a great 
many sewerage and water systems, formerly member of New 
York Commission on Additional Water Supply. 

E. D. Leavitt, Jr., Cambridge, Mass., Consulting Mechanical 
Engineer, designer of some of the most noted pumping engines 
ever built. 

_ Edwin Reynolds, Milwaukee, Wis., Consulting Engineer, Allis- 
Chalmers Company, designer of the Reynolds Corliss engine and 
of the type of pumping engine built by the E. P. Allis Company 
and the Allis-Chalmers Company. 

On motion of Mr. Charles W. Sherman the gentlemen whose 
names had been read were unanimously elected honorary mem- 
bers by a rising vote. 

On motion of Mr. Sherman the President was requested to 
appoint. a committee of five to nominate officers for the ensuing 
year. The President later appointed Messrs. Dexter Brackett,* 
of Boston; George C. Whipple, of New York; A. M. French, of 
Holyoke, Mass.; Leonard Metcalf, of Boston; and J. C. Hammond, 
Jr., of Rockville, Conn., as the committee. 

The remainder of the morning session was devoted to practical 
experience papers. In presenting Mr. George A. Stacy, who 
headed the list of speakers on the program, President Sedgwick said: 

“ For a long time I have had the feeling that our association 
was a little bit in danger of getting papers in too large number 
' which were scientific rather than immediately practical; and so 
I asked the Secretary, in arranging the program for the convention, 


*Mr. Brackett -having declined to serve on account of ill-health, the President sub- 
sequently appointed Mr. George A. Stacy, of Marlboro, Mass., in his stead. 
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to devote one of the best sessions, and if possible the whole of one 
session, to practical experience papers by members of the associa- 
tion, the idea being that if any member has a particularly inter- 
esting or difficult practical problem in which he needs the sym- 
pathy and help of his fellow-members, or in connection with 
which he is entitled to their congratulations for having succeeded 
in overcoming the difficulty, he should bring it forward so that 
we may all share in it. The Secretary fell in with the idea cor- 
dially, and the regular program for this morning provides for 
a series of such experience papers. I am sure that this feature 
will prove of great interest and value to many members of the 
association. 

“Tt should always be a matter of pride with this association that 
it brings forward papers of great scientific importance, and thus 
shows the way for progress in all water-works affairs. I think 
the association has reason to be proud of the fact that it has had, 
from time to time, read before it, and published in its JourNAt, 
so many papers which have embodied scientific progress. I 
think in this very convention we are having some of that kind, 
and I hope we shall have them in all of our meetings; but at the 
same time we want to remember that this is a practical associa- 
tion and that most of the members of it are interested in the 
difficult problems of daily administration. I hope the time will 
' never come when we shall fail to recognize that fact, and to give 
to those men and to those problems due prominence. I am 
very glad, therefore, that we are to have this morning a number 
of papers pointing in that direction.” _ 

The first paper was by Mr. George A. Stacy, superintendent 
water works, Marlboro, Mass., his subject being ‘ Trouble with 
a Check Valve.” 

The next paper was by Mr. Samuel A. Agnew, superin- 
tendent Scituate Water Works, North Scituate, Mass., entitled, 
“ Pumping without Attendance.”” Mr. Frank L. Fuller, Mr. 
Daniel N. Tower, Mr. Freeman C. Coffin, and Mr. Wm. H. Thomas 
also spoke on the use of gasoline, gas, and kerosene engines. Mr. 
Sherman read a communication from Mr. E. H. Foster relative 
to pumping without attendance by a centrifugal pump driven 
by a Pelton motor, the latter receiving its power from the force 
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main. Mr. A. A. Reimer gave an account of the experience at 
East Orange, N. J., with a centrifugal pump and electric motor 
which are in use at a substation there. 

The next subject taken up was “ Experiences with New Eng- 
land Water Works Association Standard Specifications for Cast- 
Iron Pipe and Special Castings,’ and the speakers were Mr. 
Charles W. Sherman and Mr. A. A. Reimer. 

‘The report of the committee on “‘ Uniformity in the Direction 
of Opening Hydrants and Gate-Valves and in the Size and Shape 
of Hydrant and Valve Nuts” was presented by Mr. Frank L. 
Fuller, chairman. The subject was discussed by Mr. M. F. 
Collins, Mr. Freeman C. Coffin, Mr. Alex. Orr, Mr. George A. 
Stacy,and Mr. Charles W. Sherman and Mr. Edmund M. Blake. 
The report was accepted as a report of progress, and the committee 
was requested to continue its work and report finally at some 
meeting during the winter. 

At the evening session two papers, each illustrated by stere- 
opticon views, were read, -The first, by Mr. H. W. Spooner, 
engineer Water Department, Gloucester, Mass., was a description 
of the ‘‘ Construction of a Subaqueous Tunnel at Gloucester ’’; 
and the second, by Mr. George H. Snell, water commissioner and 
superintendent water works, Attleborough, Mass., a description 
of “ The New Reinforced Concrete Standpipe at Attleborough.” 
Mr. Frank A. Barbour, of Boston, and Mr. L. C. Wason, president 
of the Aberthaw Construction Company, Boston, also spoke con- 
cerning the Attleborough standpipe. 


Fripay, SEPTEMBER 14, 1906. 


The convention met for its final session on Friday evening. 

President Sedgwick read a paper, submitted by Mr. F. F. Forbes, 
superintendent water works, Brookline, Mass., entitled ‘“‘ Ex- 
periences in Introducing Compulsory Meterage, and Results Ob- 
tained by Metering All Supplies in the Town of Brookline, Mass.” 

The Committee on Meter Rates, through ‘ts chairman, Mr. 
Freeman C. Coffin, presented a progress report. 

Mr. Joseph E. Beals, superintendent water works, Middleboro, 
Mass., read an experience paper entitled, ‘‘ Homespun Device for 
Raising Pipe in the Trench.” 
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Prof. Adolph Black, of Columbia University, New York, was 
elected a non-resident member. 

A paper by Mr. George C. Whipple, New York City, on “ The 
Cleveland Typhoid Fever Epidemic of 1903-4,” was read by title, 
the discussions, if any, to be printed after the publication of the 
paper in the JOURNAL. 

The President read the following letter, and announced that 
the editor would see that such portions of the various proceedings 
of the association as are available would be forwarded to Mr. 
Simin: 

N. P. C. E., 
President of the Permanent Bureau of Russian Water Works Association. 
Russia, Moscow, Razgulay, 3. 
The 12-25 June, 1906. 
Mr. Witu1am T. Sepewicx, President of the New England Water Works 
Association, Boston, Mass. 

Dear Sir, — Since 1893 we have had seven meetings of the Russian Water 
Works Association; their proceedings are printed in seven volumes. More- 
over, our congresses have worked out a standard for cast-iron pipes and 
connection details, which are set forth in tables and drawings. 

I address myself to you with a proposal to exchange publications and 
reports of the American and Russian associations. 

At the same time I am addressing a similar proposal to the German, English 
and French associations, and I hope that my proposal of a relation of national 
associations will be welcomed. 

If you consent to it, please give me an answer; I will then send all the 
printed matter of the Russian Association to the headquarters of the New 
England Association. 

; Yours very truly, 
N. P. 
President of the Permanent Bureau. 


T. Haururing, Secretary. 

The President announced that an invitation had been received 
to hold the next annual convention of the association at Norfolk, 
Va. 

After calling Vice-President John-C. Chase to the chair, 
President Sedgwick then spoke on the “ Protection of Water 
Supplies from Pollution during the Construction; Maintenance, 
and Operation of Railroads; with Special Reference to the Water 
Supply of Seattle, Wash.” 
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Mr. H. L. Weston, Committee on Exhibits, presented the 
following report. 


Report OF COMMITTEE ON EXHIBITS. 


As chairman of the Committee on Exhibits at the New England 
Water Works Association Convention at Fabyans, I desire to 
report that the following associate members made exhibits at 
the convention. 


Ambursen Hydraulic Construction Company . . Concrete dams. 

Anderson Coupling Company ......... Brass goods. 

Valve Compaty: Valves and gages. 

Valves and hydrants. 

Garlock Packing Company .......... Packings. 

mere Packme Company Packings. 

Hersey Mfg.Company ............ Meters. 

Lead Lined Iron PipeCompany ........ Lead lined pipe. 

H, Mueller Mfg.Company .......... Brass goods. 

National MeterCompany........... Meters. 

Neptune MeterCompany. ........... Meters. 

Pittsburg Meter Company .......... Meters. 

A. P. Smith Mfg. Company. ......... Tapping machines, brass 

goods, ete 

Thomson MeterCompany .......... Meters. 

Union Water MeterCompany......... Meters. 

Wood@ Company .......4.... Valves, hydrants, and 
pipe. 


The number of exhibitors was not so large as at previous con- 
ventions nor the exhibits so extensive, notwithstanding the fact 
that some little effort was made to secure a good exhibition. 
This was probably owing to the fact that the convention as a 
whole was taken préminently as a pleasure outing and the pre- 
vailing idea among the associate members seemed to be that 
exhibits were of minor importance. 

Yours very truly, 
H. L. WEston. 


Adjourned. 
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EXECUTIVE COMMITTEE. 


On STEAMER “ PHILADELPHIA,” 
Boston Harsor, June 13, 1906. 


Pisin: Vice-President Joseph M. Birmingham and Frank 
E. Merrill, CharlesW. Sherman, Robert J. Thomas, L. M. Bancroft, 
and Willard Kent. 

Mr. Merrill, member of committee on June meeting and Septem- 
ber convention of the association, reported for the committee 
their action in relation thereto, recommending that the next 
annual convention be held at the White Mounteinn; whereupon 
it was 

Voted: That the since) convention of the association be held 
at the White Mountains, September 12, 13, and 14, 1906. 

After discussion of the question of transportation and hotel 
accommodations, it was 

Voted: That Mr. Merrill be, and hereby is, empowered to make 
all necessary arrangements therefor and to act as transportation 
agent and conductor of the excursion in his own behalf. 

Eight applications were received and recommended for mem- 
bership, viz.: 

Non-Resident Active: George Morgan Bacon, Salt Lake City, 
Utah; 8. J. Rosamond, Fort Smith, Ark.; Robert J. Harding, 
Hudson, N. Y.; Charles L. Fox, Pittsburg, Pa.; A. W. Shaw, 
Brandon, Manitoba, Canada. 

Resident Active: Gardner T. Swarts, M.D., Providence, R. L.; 
pasa E. ‘Childs, Somerville, Mass.; E. C. Crosby, Brattleboro, 

t 


Adjourned. 
Kent, Secretary. 


TREMONT TEMPLE, Boston, Mass., August 24, 1906. 


Meeting of the Executive Committee of the New England 
Water Works Association. 

Present: F. W. Gow, L. M. Bancroft, George A. Stacy, C. W. 
Sherman, Willard Kent, F. E. Merrill, John C. Chase. Vice- 
President Gow presided. 

Voted: That the Committee on Convention be authorized to 
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provide suitable entertainment for the ladies on one day of the 
ednvention, at the expense of the association. 
Voted: That sessions of the association be held on mornings 


of Wednesday and Thursday, and on evenings of each day of 
the convention, the morning sessions to be subject to adjourn- 
ment according to weather conditions. 

Voted: That a “‘ smoker ” be held on the evening of arrival, 
Tuesday, September 11. 

Adjourned. 


Attest: Kent, Secretary. 


Fapyan House, 
Fasyans, N. H., September 12, 1906. 


Present: President William T. Sedgwick and George A. Stacy, 
John C. Chase, Charles W. Sherman, James L. Tighe, Frederick 
W. Gow, Robert J. Thomas, Willard Kent, Lewis M. Bancroft, 
and Frank E. Merrill. 

Thirteen applications were received and recommended for 


membership, viz.: 


For Active Membership: G. R. Coldwell, Chairman of Commit- 
tee Municipal Water Works System, Brandon, Manitoba, Canada; 
H. J. Fuller, Chief Engineer Tacoma Water Supply, Tacoma, 
Wash.; Charles A. Townsend, Water Commissioner, Rockland, 
Mass.; Henry William Sanderson, Superintendent Westfield 
Water Works, Westfield, Mass.; Freeland Howe, Jr., Chemist 
and Bacteriologist, Norway, Me.; George H. Shaw, Filtration 
Engineer Springfield Water Works, Ludlow, Mass.; Charles A. 
Bogardus, Superintendent Chicopee Water Department, Chicopee, 
Mass.; George A. Shackford, Water Commissioner, Reading, 
Mass.; John H. Walsh, Superintendent East Hartford Fire District 
Water Works, East Hartford, Conn.; Leon E. Scruton, Water 
Works Engineer, Rochester, N. H.; Adolph Black, Professor of 
Civil and Sanitary Engineering, Columbia University, N. Y. 


For Associate rieomigg The Pitometer Company, 310 

Ashland Block, Chicago, IIl.; Hudson Contracting Company, 

engaged in cleaning water mains, 27 William St., New York City. 
The following names were recommended for honorary mem- 

bership : 

Joseph P. Davis, Dr. Henry P. Walcott, Hiram F. Mills, Frederic 
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P. Stearns, John T. Fanning, Rudolph Hering, E. D. Leavitt, Jr., 
Edwin Reynolds. 

The subject of annual convention for 1907 was eed 
An invitation from Norfolk, Va., was read; its acceptance, for 
various reasons, was not deemed advisable. 

Washington, D. C., was suggested, and, on motion of Mr. Stacy, 
the subject was referred to the next meeting of the Executive 
Committee. 

No further business appearing, meeting was adjourned. 

Attest: Kent, Secretary. 
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OBITUARY. 


Wituram W. Burnuam died of typhoid fever, in Wilmington, 
N. C., on August 10, 1906. 

Mr. Burnham was thirty-one years of age. He went from 
Biddeford, Me., in 1905, to act as engineer for the Carolina Truck- 
ing and Development Company, at Wilmington. He leaves 


a wife. 
He was elected a member of the New England Water Works 
Association on September 13, 1905. 
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